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dicated in gastrointestinal perforation, ob- —— wy 1945 


Ampoules of 








struction, peritonitis, cerebrospinal or dorsal 
skin disease. Drug idiosyncrasy is rare. 
SUPPLIED: 
50, 80, 100, 120, 150, 200, 


300 mg. of pure procaine 
hydrochloride. Boxes of 10. 






ANGLO-FRENCH LABORATORIES, Inc. 


75 VARICK STREET, NEW YORK 13. N. Y. 









































VOL, 122 NOVEMBER, 1945 


A STUDY OF SHOCK IN BATTLE CASUALTIES 


MEASUREMENTS OF THE BLOOD VOLUME CHANGES 
OCCURRING IN RESPONSE TO THERAPY 


Magsor C. P. Emerson, Jr., M.C., A.U.S., 
AND 
Maygor R. V. Expert, M.C., A.U.S. 


HE PATHOGENESIS OF TRAUMATIC SHOCK is generally recogn 


casualties, and has effected an unprecedented improvement in the 
of serious war wounds. 
Early in the war the hope was entertained that the transfusion 


enjoy a relatively restricted use, indications for its employment 


addition to plasma. 


large amounts of refrigerated whole blood were supplied to the 
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ized to be 
a reduction of the circulating blood volume. An essential feature of modern 
shock treatment is the correction of this deficiency by the transfusion of 


injectable protein-containing fluids. Recognizing the need for prompt trans- 
fusion therapy in the care of battle casualties, the United States Army Medical 
Corps has consistently made available to all medical units adequate supplies 
of human plasma. The efficacy of plasma transfusions in the treatment of 
traumatic shock has been firmly established through wide experience with 
its use during the present war; there is no question but that its provision to 
the armed forces has been responsible for the survival of countless battle 


prognosis 


of plasma 


alone would prove to be effective therapy for the vast majority of patients 
suffering from traumatic shock, and it was presumed that whole blood would 


being re- 


stricted to a small percentage of extremely severe cases. However, limitations 
in the effectiveness of plasma as a sole replacement medium have since become 
apparent. It was the experience of many surgeons operating at the front in 
the African and Sicilian campaigns, that a considerable proportion of patients 
in severe shock failed to respond adequately to plasma transfusions, death 
occurring preoperatively or in the course of operation.1 This type of case 
appeared to respond more favorably to the transfusion of whole blood in 


Throughout the Normandy campaign, in contrast to the earlier situation, 


Field and 


Evacuation Hospitals. The relative quantities of whole blood used during 
this period were considerably in excess of the anticipated requirements. A 
statistical survey of Field Hospitals in July, 1944, at the time of the intense 
fighting in the vicinity of St. Lo, indicated that the total amounts of whole 
blood and plasma administered to nontransportable casualties through the first 
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postoperative day averaged 1,250 cc. of whole blood and 750 cc. of plasma per 
patient. These cases had received an average of 550 cc. of plasma in the 
Battalion Aid Station or Clearing Station prior to their admission to the 
hospital ; the final ratio of whole blood to plasma given, therefore, averaged 
1:1. The unexpectedly high proportion of whole blood required raised the 
question as to whether its preferential use by the field surgeons was dictated 
on the basis of sound indications or, possibly, on false impressions. 

A preliminary study was carried out by the authors during July, 1944, on 
55 nontransportable patients treated in Field Hospitals. This study was 
restricted to serial determinations of the: hemoglobin concentration and 
arterial pressures, with relation to the clinical condition and course, in response 
to therapy. The data obtained indicated that the magnitude of the blood loss 
sustained by patients exhibiting signs of severe shock was substantially 
greater than had been generally appreciated. A striking anemia was commonly 
present at the conclusion of therapy, despite massive whole blood trans- 
fusions. It was obvious from the results that whole blood was not being 
utilized to excess; indeed, the data suggested that possibly even more should 
be administered for optimum therapeutic results than was the customary 
practice. 

A second investigation was then planned, the purpose of which was to 
accumulate more detailed and precise data pertaining to the pathologic physiol- 
ogy of traumatic shock with especial reference to the therapeutic problems 
involved. This study was carried out on a series of severely wounded cas- 
ualties treated in a Field Hospital during the campaign on the German border 
in September, 1944. In addition to clinical observations, measurements were 
made of the plasma volume, hematocrit reading and plasma protein concen- 
tration, before and after therapy and, in some instances, pre- and postopera- 
tively. This program of investigation was devised in the hope of providing 
definitive answers to the following questions: 

I. The degree of blood volume deficit associated with shock, and the 
extent to which clinical signs can be correlated with varying grades of oligemia. 

2. The degree of spontaneous hemodilution occurring following extensive 
hemorrhage. 

3. The relative importance of whole blood and plasma loss, and the total 
blood loss resulting from various types of war wounds. 

4. The magnitude of blood loss attendant on various surgical procedures. 

5. Relative requirements for whole blood and plasma in shock therapy, 
and the effect of transfusions on the blood volume. 

6. Causes of therapeutic failure in the treatment of traumatic shock. 


TYPE OF PATIENTS AND PLAN OF STUDY 
All patients reported in these series belong to the group of “nontrans- 
portable” battle casualties: patients who, because of the location or severity 
of their wounds, require prompt definitive treatment in a Field Hospital. 
One group, comprising 57 such cases, was subdivided as follows: 21 patients 
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with penetrating wounds of the abdomen; 15 with penetrating chest wounds; 
seven with combined chest and abdominal wounds; nine with extremity 
wounds alone; and five with extremity wounds combined with penetrating 
wounds of the chest or abdomen. On this group, determinations of the plasma 
volume, hematocrit reading and plasma protein concentration were made. 
The arterial blood pressures and pulse rates were measured at frequent 
intervals, and the clinical course was carefully described in each case. 

Less detailed laboratory investigation was conducted on a series of 55 
additional patients. In this group, the hemoglobin concentration was deter- 
mined before and after shock therapy, the arterial pressure, pulse rate and 
clinical manifestations being carefully followed throughout. This group is 
subdivided as follows: There were eight patients with penetrating abdominal 
wounds, 13 with penetrating chest wounds, eight with combined chest and 
abdominal wounds, seven with extremity wounds alone, and 21 with extremity 
wounds combined with penetrating wounds of the abdomen or chest. 

Seventy-three per cent of the casualties in these series were due to shell 
fragment wounds, 24 per cent were caused by gunshot wounds, and 3 per 
cent by the explosion of mines. The majority of cases were seen within six 
hours following injury. The patients selected for study either presented 
clinical evidences of shock, or had wounds of such severity that a consider- 
able blood loss was deemed probable. Most had received preliminary shock 
treatment in the form of plasma transfusion before admission to the Field 
Hospital. 

LABORATORY METHODS 


The plasma volumes were determined by the dye method of Gibson and 
Evans,” adapted to the Klett photo-electric colorimeter. Plasma protein con- 
centrations were calculated on the basis of specific gravity, using the copper 
sulfate method of Phillips, Van Slyke, e¢ al. Hematocrit readings were 
obtained after rapid centrifuging of oxalated blood samples in 4-cc. hematocrit 
tubes. The acid-hematin method was employed for the estimation of hemo- 
globin concentrations, using the Sahli-Hellige hemoglobinometer. All deter- 
minations were made exclusively on venous blood, obtained without stasis. 
The femoral vein was selected for venepuncture in all cases of shock. 


Certain modifications of technical procedure were necessary in order to adapt these 
methods to the limited facilities available in a Field Hospital, and to render the tests 
practicable in the face of urgent therapeutic requirements. Determination of the plasma 
volume involved the taking of serial samples of venous blood over a period of 40 
minutes. Inasmuch as a delay of 40 minutes in instituting transfusion therapy was 
unwarranted in many instances, the following routine was adopted: 

Immediately upon admission of the patient to the shock ward, 5 cc. of venous blood 
were removed to serve as the dye-free sample and for the hematocrit reading, following 
which the dye was promptly injected. If severe shock was present a plasma transfusion 
was then initiated and continued during the 20-minute period required for the intravascular 
mixing of the dye. The amount of plasma administered during this period varied between 
250 and 500 cc. During the succeeding 20-minute interval, when serial specimens were 
taken for determination of the disappearance curve of the plasma-dye concentration, 


747 














EMERSON AND EBERT Amnals of Surgery 


the transfusion was discontinued. Calculation of the initial plasma volume entailed 
a correction for the amount of plasma administered during the mixing period. 

Blood samples were introduced into a 4-cc. hematocrit tube containing 0.2 cc. of a 
solution of sodium chloride in a concentration of 0.85 Gm. per cent, ammonium oxalate, 
1.2 Gm. per cent, and potassium oxalate, 0.8 Gm. per cent. This solution causes no 
swelling or shrinkage of the red cells, and, after correcting for the 0.2 cc. increase in 
plasma volume due to the anticoagulant solution, the same hematocrit and _ specific 
gravity readings are obtained as with the use of dried mixed oxalate, recommended by 
Phillips, Van Slyke, et al. The advantages in using the solution of mixed oxalate 
in isotonic saline are, that it is unnecessary to engage in the time-consuming process of 
drying an aqueous oxalate solution in the tubes to prepare them for use; and, most 
important for the determination of plasma-dye concentration, no hemolysis is caused by 
the anticoagulant solution, whereas it is unavoidable in the presence of the dried mixture. 

The tubes containing the blood and anticoagulant solution were placed in a portable 
electric angle centrifuge (Gomco Surgical Mfg. Co.) and rotated at high speed for 
one-half hour. Maximal packing of the cells was obtained by this procedure, and, 
contrary to expectations, little difficulty was encountered in reading the cellular volume 
since the upper level of the cell layer tends to assume a horizontal position if the tube 
is allowed to stand vertically for a few minutes. The hematocrit reading having been 
‘obtained, the supernatant plasma was pipetted off for the determination of plasma protein 
and dye concentrations. This procedure utilized the minimum of equipment, and the 
preparation of glassware was reduced to a point that was quite practical under the 
conditions imposed. , 

As a standard for comparison between the results reported in this investigation and 
the expected “normal” values for hematocrit reading and plasma protein concentration, 
the figures reported by Phillips, Van Slyke, et al.,2 were used. On the basis of their 
study of 20 normal men, the average normal hematocrit reading is considered to be 46.9; 
the average normal plasma protein concentration is accepted as 6.63 Gm. per cent. The 
data obtained by Gibson and Evans* on 49 normal males was used to compute the 
expected normal plasma volume in each case reported in this communication. It should 
be pointed out that there is a considerable individual variation in plasma volume, irre- 
spective of surface area. Hence, the percentage reduction in blood volume calculated 
for any given individual on the basis of the “normal” value, predicted from the surface 
area, may be in considerable error. However, a sufficiently large number of cases have 
been studied in this series to lend validity to such a comparison. 

The hematocrit reading is utilized in calculating the total blood volume and total 
red cell volume from the plasma volume. This calculation is based on the assumption 
that the proportion of cells to plasma is the same in vessels of all caliber, an assumption 
that is probably incorrect. There is considerable evidence to suggest that in normal 
individuals the cell-plasma ratio is lower in the small vessels.5»® This circumstance 
leads to an estimated error of approximately 20 per cent in calculating red cell volumes 
on the basis of plasma volume and hematocrit reading. To further complicate the 
situation, there is evidence that in shock the cell-plasma ratio in the small vessels is 
actually increased over that in the large vessels, owing to erythrostasis.? At any rate, 
caution must be exercised when comparison is made between the values accepted as 
normal for the total blood volume and total red cell volume, and those computed from 
the plasma volume and hematocrit reading of a patient suffering from shock. The 
absolute error inherent in the estimation of total blood volume in shock cases is, however, 
not of great significance; the red cell volume is so reduced that even a very considerable 
percentage error results in but a small error in the total volume. Assuming a 20 per 
cent error in computing a red cell volume of 800 cc., the resultant miscalculation amounts 
to only 160 cc. in the total blood volume. However, in order to reduce the inaccuracies 
inherent in comparing the total blood volume calculated for patients in shock with 
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“normal” values, 9 per cent has been arbitrarily subtracted from the values reported by 
Gibson and Evans for normal males. Using their figures, altered in this fashion to 
compensate for the error in red cell volume, it is considered that the total blood volumes 
determined for patients in severe shock stand valid comparison with the volumes estimated 
to be normal for these individuals. 


‘ RESULTS - 
I. CLINICAL MANIFESTATIONS_OF BLOOD VOLUME DEFICIENCY 

Detailed clinical and laboratory data, obtained on 50 battle casualties 
upon their admission to the Field Hospital, are recorded in Table I. This 
series includes all patients whose blood volumes were determined at the time 
of hospital entry. From the figures obtained a correlation was attempted 
between the arterial pressure and pulse rate, on the one hand, and the 
percentage deficit in total blood volume on the other. 

The Arterial Pressure ——Figure 1 illustrates the relation between the 
systolic arterial pressure and the blood volume deficit in 48 patients with war 
wounds and varying degrees of shock. It is apparent that all cases with a 
systolic arterial pressure below 85 mm. of mercury had a diminution in blood 
volume of more than 25 per cent. All cases with a systolic arterial pressure 
exceeding 100 mm. of mercury showed a deficit in blood volume of less than 
25 per cent. Thus, it may be stated that, whereas, the absence of hypotension 
does not preclude the presence of a considerable degree of oligemia, a systolic 
pressure persisting at a level below 85 mm. of mercury is definite evidence 
of a very grave deficiency in blood volume. 

Blood volume determinations were made in 23 patients whose systolic 
pressures were below 85 mm. of mercury; the average blood volume deficit 
in these cases was 40 per cent. It should be pointed out that all cases examined 
were first seen several hours after their injuries were incurred, so that hypo- 
tension on the basis of syncope, peripheral vascular collapse or “neurogenic 
shock” due to temporary vasometer influences, did not play an important 
role. None of the cases included in Figure 1 had sustained injuries to the 
central nervous system. Two cases with signs of spinal cord transection in 
the upper thoracic region (Cases 49 and 50) showed definite hypotension in 
the absence of significant blood volume deficiency, probably as the result of 
sympathetic paralysis. 

The Pulse Rate-——The correlation between pulse rate and diminution in 
blood volume is not striking (Fig. 2.) Rates exceeding 130 per minute were 
generally associated with a marked decrease in blood volume; on the other 
hand, several cases with severe oligemia exhibited no tachycardia whatever. 

Other clinical signs commonly associated with shock, such as pallor of the 
skin, coldness of the extremities and mental changes, proved to be unreliable 
indices of blood volume deficiency. Cold extremities and pallor were present 
almost universally on arrival of the wounded patients in the hospital, due, to 
some extent at least, to the influence of pain and exposure to cold. 


fl. ALTERATIONS IN HEMATOCRIT READING, HEMOGLOBIN CONCENTRATION 
AND PLASMA PROTEIN CONCENTRATION ASSOCIATED WITH SHOCK 
Determination of either the hemoglobin concentration or the hematocrit 
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-The relationship between systolic arterial pressure and blood volume deficit in 
48 seriously wounded battle casualties before hospital therapy. 
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Fic. 2.—The relationship between pulse rate and blood volume 
deficit. 
Data was obtained from the same group of 48 patients repre- 
sented in Figure 1. No consistent correlation between pulse rate 
and degree of oligemia is observed. 
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reading were performed in 94 patients with severe war wounds. The results 
are plotted in Figure 3. 

Anemia, indicating some degree of hemodilution, was found in the great 
majority of cases. Definite erythroconcentration was encountered in but one 
instance (Case 44, Table I). Almost all patients received in severe shock, 
i.e., whose arterial pressures were less than 85 mm. of mercury, had some 
degree of anemia. The amount of plasma administered to the patient prior 
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Fic. 3.—The degree of anemia observed in 94 casualties on admission to a field hospital. 

The dotted line represents the approximate average hemoglobin concentration and hematocrit reading 
fcr normal adult males of this age-group. Spontaneous hemodilution of moderate degree occurred in 
the majority of the cases who had bled severely. It is evident that marked anemia is produced by the 
injection of plasma in large quantities. 
to hospital admission was a potent factor in those who had received this 
material, unsupplemented by whole blood, in volumes exceeding 1,000 cc. 
There was no definite correlation between the degree of anemia and the length 
of the time-interval following injury, or the type of wound incurred. 

The plasma protein concentration was measured in 50 cases at the time 
of hospital admission (Table 1). The values ranged between 5.1 and 7.3 Gm. 
per cent. A concentration below 5.5 Gm. per cent was encountered in only 
five instances. There was no consistent correlation between the degree of 
hypoproteinemia and the degree of shock. The results indicate that in the 
majority of cases spontaneous hemodilution with protein-free fluid had 
occurred in the interval between injury and hospitalization, but that the degree 
of hemodilution was not great. The maximum volume of such fluid calcu- 
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lated to have entered the circulating blood was 450 cc., and only in rare 
instances does it appear to have exceeded 200 cc. 


Jl. RELATIVE LOSSES OF PLASMA AND RED CELLS, AND THE ESTIMATED 
TOTAL BLOOD LOSS ASSOCIATED WITH VARIOUS TYPES OF WOUNDS 

The relative losses of red cells and plasma can be estimated from the ratio 

of the hematocrit reading and the plasma protein concentration. If whole 

blood is lost from the vascular system and hemodilution with protein-free 

fluid occurs, the hematocrit reading and protein concentration decrease pro- 

portionately. If plasma alone is lost, or if the plasma loss is disproportionately 

high, the ratio of plasma protein concentration to hematocrit reading is low. 
This relationship is illustrated in Figure 4. 

Few cases showed evidence of pure, or markedly disproportionate, plasma 
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Fic. 4.—The relative loss of plasma and red cells incurred by 
44 battle casualties. 

The curved line represents the ratio between hematocrit read- 
ing and plasma protein concentration with progressive dilution of 
normal blood by protein-free fluid. Solid dots represent patients 
who had received plasma, their plasma protein values having been 
corrected for the injected protein; circles denote patients who had 
received no transfusion therapy. Points above the line indicate a 
disproportionate loss of plasma; those below the line indicate either 
plasma _— regeneration or erythro-concentration in the capil- 
lary bed. 


loss. Case 44 (see Table I) is the most striking instance in which this 
phenomenon apparently occurred. This particular patient was admitted with 
an hematocrit reading of 53.2, and a plasma protein concentration of 6.0 Gm. 
per cent, having received no transfusions prior to entry. At operation he was 
found to have multiple perforations of the bowel and bladder; the peritoneal 
cavity was filled with urine and feces. Similar findings were obtained in 
Cases 34 and 35; both of these patients, likewise, had penetrating wounds of 
the abdomen with multiple perforations of the colon. 

Inasmuch as the majority of cases had received plasma before admission 
to the hospital, the blood volume deficit determined at that time does not 
represent the total amount of blood lost. Knowing the volume of plasma 
received prior to admission, the extent of the hemorrhage can be estimated 
with reasonable accuracy from the calculated deficit in total circulating protein. 
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This deficit, in the 23 cases of severe shock whose blood volumes were meas- 
ured at the time of admission, averaged 63 per cent. The blood volume 
deficiency in the majority of these patients represented a loss of plasma and 
red cells in approximately equal proportions; therefore, the protein deficit 
determined in this group can be assumed to represent an average blood loss 
of 63 per cent of the original total blood volume, or approximately 3,000 cc. 
Six patients (Cases 2, 5, 10, 12, 28 and 39) had sustained an estimated blood 
loss of over 80 per cent of their normal volumes before admission to the 
Field Hospital, life having been sustained by plasma transfusions exceeding 
1,000 cc. in volume, supplemented in three cases by transfusions of whole blood. 
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Fic. s5.—Changes in blood volume effected by transfusion therapy and surgical operation (Case 12). 


This patient was admitted in severe oligemic shock which was corrected by transfusion. An esti- 
mated loss of 2,600 cc. of blood occurred during operation, which included repair of a cecal laceration 
and débridement of peripheral wounds, 


The most excessive blood loss occurred in the patients with extremity 
wounds, only one of whom—a patient with multiple small soft-tissue shrapnel 
wounds—had bled less than 4o per cent of his estimated total blood volume. 
Six patients with extremity wounds, complicated by perforating wounds of 
the abdomen or chest, lost an average of 70 per cent of their blood volume; 
seven cases with extremity wounds alone lost 60 per cent. The average total 
hemorrhage occurring between the time of injury and admission to the hos- 
pital was least in the group with perforating chest wounds, uncomplicated by 
abdominal or extremity wounds. This group comprised 12 patients who 
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were studied from this point of view; their average loss was estimated to be 
35 per cent. Nineteen patients with abdominal wounds alone lost an average 
of 40 per cent, and the hemorrhage in four cases with combined abdominal and 
chest wounds averaged 50 per cent of their expected normal total blood volume. 


IV. BLOOD LOSSES DUE TO SURGICAL PROCEDURES 

The degree of hemorrhage complicating various operative procedures in 
traumatic surgery varies widely depending upon the extent and type of 
operation performed, as well as on the care that the surgeon can afford to 
devote to hemostasis. It was thought to be of interest to measure the loss 
occurring during the surgical repair of various types of war wounds, as 
carried out under Field Hospital conditions. Accordingly, blood volumes 
were determined pre- and postoperatively in ten cases (Table III), and the 
volume of blood given during operation was ascertained. Five of the opera- 
tions involved celiotomy, with repair of bowel perforations; in one case 
(see Fig. 5) the operation included débridement of multiple extremity wounds. 
The series includes three open thoracotomies with repair of diaphragmatic 
and hepatic lacerations, one amputation of an arm combined with thoracotomy, 
and one débridement of multiple wounds of thigh and foot. 

The average blood loss in the five celiotomies was 2,200 cc.; in the three 
thoracotomies, 600 cc. The blood loss in the case with amputation of an arm 
and thoracotomy was estimated to be 3,200 cc. It is apparent from even this 
small series of cases that the blood loss complicating extensive débridements, 
and the repair of perforating abdominal wounds is frequently of such magni- 
tude as to require vigorous replacement therapy during operation. 


V. RESPONSE TO THERAPY 

Fifty-five cases of severe shock were treated by the authors. The majority 
of these patients responded to preoperative transfusion therapy by exhibiting 
a satisfactory rise in arterial pressure. Only three cases, representing 5 per 
cent of the cases studied, failed to respond in this fashion. The average 
volume of whole blood and plasma administered prior to operation was 2,650 
cc. The ratio of whole blood to plasma was 2.3 to 1.0, this ratio being deter- 
mined to a large extent by the availability of whole blood; thus, in the series 
of cases studied during the campaign in Germany, after large quantities of 
whole blood had been made available, the ratio of the whole blood and plasma 
used in the hospital for preoperative preparation of these battle casualties 
approached six to one. The average total volume of plasma and blood 
required to produce an elevation of arterial pressure from below 85 to above 
100 mm. of mercury was 1,250 cc. No consistent alteration in pulse rate was 
observed in response to transfusion therapy. 

Serial determinations of the plasma volume, total circulating protein and 
hematocrit reading were performed in the course of transfusion therapy in 
23 cases (Table II). Predicted increases in red cell volume and total circu- 
lating protein are based on data derived from testing numerous samples of 
the plasma and stored blood used in treatment; the plasma protein content 
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per 250-cc. unit of dried plasma, and that contained in 500 cc. of undiluted 
whole blood, averaged approximately 17.5 Gm., the average hematocrit read- 
ing of the stored blood, correction having been made for the added preserva- 
tive-diluent solution, was approximately 50. 

Twelve cases showed an increase in red cell volume and total circulating 
protein that corresponded very closely with the values expected on the basis 
of the amounts transfused. There were I1 patients, however, in whom it is 
apparent that blood loss must have persisted during the course of shock 
therapy. The individual losses in these cases ranged from 350 to 1,100 cc., 
or between approximately 20 and 50 per cent of the blood and plasma trans- 
fused. Such losses occurred with greatest regularity in patients with 
extremity wounds, seven out of a total of ten such patients suffering a loss 
which averaged 40 per cent of the blood and plasma received. Two of six 
abdominal cases continued to bleed after admission, their losses averaging 
approximately 600 cc., or 20 per cent of the volume transfused; in one of 
these (Case 47), several hours after the patient had incurred multiple perfora- 
tions of the small bowel, the material lost during therapy appears to have 
consisted exclusively of plasma. 

There was no obvious relation between the phenomenon of continued 
hemorrhage and the degree of oligemia present at the time therapy was begun. 
Neither the initial blood pressure nor the pulse rate proved helpful in the 
diagnosis or prediction of continued hemorrhage; thus, of those patients who 
continued to bleed during therapy, 80 per cent had been in shock at the time 
of their admission, whereas signs of shock were present in 70 per cent of 
those whose bleeding had ceased. Persistence of hemorrhage, likewise, 
appeared to bear no relation to the amount of blood and plasma administered 
prior to admission, the average amounts received by the persistent bleeders 
and the others having been practically identical. 

Almost all of the blood employed in the treatment of these cases was 
diluted with an equal volume of glucose-sodium citrate-saline preservative 
(Alsever’s solution). Patients requiring the transfusion of large amounts 
of blood were, therefore, obliged to receive, in addition, large volumes of 
crystalloid solution, the amounts of which are recorded in Table II. The 
effect of this therapy, with respect to the degree of hemodilution produced, 
may be gauged by observing the resultant changes in the plasma protein 
concentration; the latter, together with the plasma volume and hematocrit 
reading, was measured in all cases within 30 minutes, and in most cases 
within ten minutes following the conclusion of the transfusion. As is evident 
from inspection of Table II, surprisingly little accentuation of hypoproteinemia 
was produced by the injection of large volumes of dilute blood, the plasma 
protein concentration of which averaged approximately 2.3 Gm. per cent. 
The circulating plasma protein concentration after transfusion was less 
than 5.5 Gm. per cent in only three patients (Cases 2, 9, and 48), and in each 
of these cases the concentration was less than 5.5 before transfusion. In no 
instance was the hematocrit reading substantially reduced, although that of 
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most of the blood given was approximately 25; the occurrence of any reduc- 
tion whatever was almost invariably associated with continuance of hemorrhage 
during the transfusion. It may be concluded, therefore, that retention of the 
blood-diluent solution, even when injected rapidly in quantities exceeding 2,000 
cc., is not of sufficient duration or magnitude to promote significant hemo- 
dilution in the recipient. 


Vl. ANALYSIS OF THERAPEUTIC FAILURES 
Table IV summarizes the mortality statistics for the entire series of 112 
battle casualties observed by the authors. All deaths are recorded which 
occurred preoperatively, during operation and within 24 hours postoperatively. 
A few deaths occurred later than the first postoperative day, but it is not 
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Fic. 6.—Effect of transfusion on the blood volume in a case with persisting hemorrhage (Case 11). 


This patient, with perforations of duodenum and colon, compound fracture of humerus, and thigh 
wounds, received 2,400 cc. of blood and plasma, of which 1,100 cc. is estimated to have been lost 
curing therapy. 


considered that they were attributable to failure of shock therapy or pre- 
operative preparation of the patient. The mortality incidence in 55 cases 
admitted with systolic arterial pressures over 85 mm. of mercury was II per 
cent, representing six cases in this group; of these six patients, five died as 
a result of penetrating abdominal wounds with intestinal perforation. Of 
the 57 patients admitted in severe shock, 7.c., with arterial pressures less than 
85 mm. of mercury, there were 18 deaths, a mortality incidence of 32 per cent. 


761 








_ EMERSON AND EBERT Nevtmeen et 


It is of considerable interest to analyze the factors apparently responsible 
for therapeutic failure in the cases which failed to survive. For the purposes 
of this analysis, only those patients who had received careful laboratory 
investigation, as well as clinical study, are discussed. Of the 57 cases in which 
blood volume measurements were made, 13 deaths occurred within the first 
postoperative day. Eight of these 13 patients (Cases 1, 11, 16, 34, 39, 44, 
47 and 57) died as a result of penetrating wounds of the abdomen; one died 
without operation, two died during or immediately following surgery, and 
five approximately 12 hours postoperatively. The initial response to shock 
therapy was good in all cases. Excepting one case, the amount of blood 
transfused prior to operation appeared adequate to restore the blood volume 
to normal. In one patient (see Fig. 6) some hemorrhage obviously occurred 
during therapy, and blood volume was decreased at the time of operation 

Two patients (Cases 11 and 16) died on the operating table. The wounds, 
in one case, included perforation of the inferior vena cava and transection 
of the duodenum; in the other, there were extensive lacerations of the liver, 
duodenum and transverse colon. These deaths were considered to be due to 
excessive, uncontrollable blood loss during operation. 

The six remaining fatalities are attributable to peritonitis. Two of these 
cases are of particular interest in that, despite adequate shock therapy, there 
occurred a secondary fall in arterial pressure before surgical intervention 


was possible. 

Case 57 (Fig. 7) was admitted to the hospitai five hours after receiving a gunshot 
wound penetrating the right lower abdomen. A moderate degree of shock had responded 
satisfactorily to the previous transfusion of 1,500 cc. of blood and plasma. Four hours 
after admission, however, despite an additional transfusion of 1,300 cc. of whole blood, 
the systolic arterial pressure dropped to an average level of 60 mm., and diastolic to 40 
mm. of mercury. One hour later the blood volume was determined and found to be 
normal, in view of which no more blood or plasma was given. 

The patient gradually developed an ashen cyanosis. The skin became cold, dry and 
mottled in appearance; blanching, which lasted for several seconds, could be produced by 
momentary pressure at any point. The abdomen was tense and exquisitely tender. The 
chest was normal on physical and roentgenologic examination. Restlessness became 
increasingly marked, but the patient complained of no pain or discomfort and remained 
entirely lucid. During his sixth hour in the hospital, the arterial pressure ceased to be 
obtainable. The femoral pulse, still palpable, became irregular, the rate averaging 130 
beats per minute. The blood volume was again measured; the results were substantially 
the same as those obtained three hours previously, indicating that no further intra- 
abdominal hemorrhage had occurred during this interval. 

Nine hours after entry the patient died. Postmortem examination revealed extensive 
lacerations of the cecum and ascending colon, and multiple perforations of the ileum; 
the abdominal cavity was filled with blood and intestinal contents. It is apparent, in 
this case, that the terminal fall in arterial pressure, culminating in ; \ re shock and 
death, was unrelated to a diminution of blood volume, but was due to massive peritoneal 
contamination. 

Case 47 (Fig. 8) illustrates a good initial response to shock therapy, with a secondary 
fall in arterial pressure in spite of a sustained normal blood volume. The findings at 
operation included multiple perforations of the rectum, colon and small bowel with 
generalized peritonitis, and a compound fracture of the ileum. The postoperative course 
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Fic. 7.—Shock due to peritonitis in a patient without oligemia. (Case 57; see case report) 
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Fic. 8.—Recovery from oligemic shock with subsequent fall in arterial pressure due to peritonitis 


(Case 47). 


Patient was admitted in severe shock, with penetrating abdominal wounds. Correction of the 
initial oligemia was followed by satisfactory rise in arterial pressure, which, however, was unsustained 


despite a normal and stable blood volume. 
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was marked by persistent hypotension and progressively severe shock, terminating in 
death 11 hours after operation. 


The four remaining fatalities due to abdominal wounds also died in shock 
approximately 12 hours postoperatively. The recurring signs of shock in 
these patients, in contrast to Case 47, first developed after operation. This 
group is well exemplified by Case 1 (Fig. 9), a patient admitted in severe 
shock following a gunshot wound of the right buttock. Response to transfusion 
therapy was excellent, both with respect to clinical signs and blood volume. 
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Fic. 9.—Successful treatment of oligemic shock (Case 1). 


Adequate response to initial shock therapy is indicated by return of the arterial pressure and 
bicod volume to normal. Operation, nine hours after injury, revealed multiple intestinal perforations 
and massive peritoneal contamination with feces. The blood volume was satisfactorily maintained, 
despite which there subsequently developed signs of progressively severe shock due to peritonitis. 


Operation was completed six hours following admission, nine hours after 
injury; the abdomen was discovered to be filled with blood and feces in 
consequence of multiple tears and perforations involving the rectum, colon 
and small bowel. Immediately following operation the patient’s condition 
was satisfactory, and a blood volume determination performed at that time 
yielded normal values. Twelve hours later, however, death ensued, appar- 
ently as the result of overwhelming peritoneal infection. 

Blood volume studies were done on three patients with fatal wounds of 
the chest (Cases 8, 10, and 15). Extensive damage to lung tissue was 
present in all three cases. Oné patient died without operative intervention, 
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one died immediately following completion of open thoracotomy, and the 
other died approximately 12 hours postoperatively.. Dyspnea and cyanosis, 
due to lack of functioning lung tissue, consistently dominated the clinical 
picture. The response to transfusion therapy was disappointing, the arterial 
pressure tending to remain moderately depressed despite a normal blood 
volume. The patient who died prior to operation developed terminal pul- 
monary edema, and death in all three cases appeared to be the result of 
pulmonary damage with consequent inadequate blood oxygenation, and not 
due primarily to circulatory failure. 

The two patients who died as a result of extremity wounds presented 
features of unusual interest. 
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Fic. 10.—Failure of shock therapy following prolonged oligemia, anemia and hypertension (Case 48). 
The patient was admitted to the hospital six hours after, sustaining multiple compound fractures of 


both legs. Correction of the oligemia not only failed to alleviate shock, but precipitated signs of venous 
hypertension and pulmonary edema. 

Case 28 was admitted with a through-and-through gunshot wound of the thigh, 
incurred seven hours previously. Despite having received 1,900 cc. of blood and plasma 
before entry he was in severe shock, manifested by coma, pallor and coldness of the 
skin, and a systolic arterial pressure of 50 mm. of mercury. Blood volume studies 
indicated not only a marked oligemia, but also a severe anemia, the red cell volume 
totaling approximately 500 cc. Following the transfusion of 900 cc. of whole blood 
the patient became relatively lucid; the skin became warm and acquired a pink hue, 
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with a slightly cyanotic tinge. However, there was no substantial rise in arterial 
pressure; the maximum level was 75 mm. of mercury systolic and 35 mm. diastolic, only 
briefly attained after 2,000 cc. of blood had been received. Thereupon, inasmuch as 
the diameter of the thigh appeared to be increasing slightly, a tourniquet was placed 
above the wound and an additional transfusion of 2,000 cc. of blood was given. In the 
course of this transfusion the arterial pressure continued to fall, the sensorium again 
became clouded, cyanosis increased and the neck veins became distended. Five hours 
after admission death supervened, preceded by the development of frank pulmonary edema. 
Postmortem examination revealed a transection of the femoral artery and a massive 
hematoma in the thigh; the femur was not fractured, and there was no evidence of gas 
bacillus infection. 

Case 48 (Fig. 10) was admitted with multiple mine wounds of both legs, including 
compound fractures of one femur and of both bones of both lower legs. He was received 
into the hospital six hours after injury. The initial laboratory studies indicated a 


TABLE IV 
MORTALITY INCIDENCE IN 112 BATTLE CASUALTIES 
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* Includes deaths occurring preoperatively, during operation, and within 24 hours after operation. 


severe oligemia and anemia; the total red cell volume was approximately 600 cc. 
Despite adequate replacement therapy, as indicated by a return of the blood volume to 
normal levels, the patient never recovered from shock. There developed a livid cyanosis, 
neck vein distention and, terminally, frank pulmonary edema, death occurring five 
hours after admission. 


The above cases are similar, in that both patients had been in shock for 
an extended period of time before effective replacement therapy could be 
instituted. Both had received large quantities of plasma prior to admission, 
and entered with severe anemia in addition to marked oligemia. These patients 
failed to respond to adequate shock treatment, although in neither case could 
this failure be attributed to lack of adequate transfusion therapy or to the 
presence of infection. The sequence of events suggests that failure of shock 
therapy in these cases is related to irreversible changes in the cardiovascular 
system resulting from prolonged tissue anoxia. Persistence of their arterial 
hypotension, with associated signs of peripheral venular stasis and, with 
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increase of the blood volume to normal, the appearance of progressive venous 
hypertension and pulmonary edema, are possibly all attributable to myo- 


cardial insufficiency. 


DISCUSSION 


The present study indicates that the shock syndrome, developing in battle 
casualties within a few hours after injury, is essentially a reflection of a 
diminished blood volume attributable to hemorrhage. The average blood 
volume deficit was 40 per cent in the patients who were received in severe 
shock. A similar degree of oligemia associated with traumatic shock has 
been reported by Evans. The great majority of patients presented no 
evidence of excessive plasma loss, relative to the loss of red cells; a few 
abdominal cases were encountered in whom a disproportionate loss of plasma 
had occurred, seemingly in consequence of peritoneal exudation. 

Most of the patients reported in this study had received plasma before 
admission to the Field Hospital. Many cases, having been transfused with 
large amounts of plasma, were admitted in severe shock which was obviously 
due to continued hemorrhage. In consequence of the dilution of their blood 
with the transfused plasma, these patients suffered a marked reduction in 
the oxygen capacity of the circulating blood in addition to a diminution of 
blood volume, a combination of deficiencies that is extremely deleterious. 
Oligemia was not accompanied by profound anemia in those cases which had 
not received plasma, from which it may be deduced that spontaneous hemodilu- 
tion, at least during the first few hours after hemorrhage, plays a very minor 
role in restoration of the blood volume. 

Ideal shock therapy, and the proper preparation of shock cases for surgery, 
entail restoration of the blood volume to approximately normal levels, and 
the maintenance of an adequate hemoglobin concentration in the blood. The 
amounts of blood and plasma required to correct the oligemia vary from 


case to case, and sound clinical judgment must be exercised if the therapeutic 
requirements are to be met properly. Blood volume measurements are 
obviously not practical as a routine laboratory procedure. Most clinical signs, 
including the rate and character of the pulse, the skin temperature and the 
degree of pallor, were found to be unreliable indices of oligemia. The presence 
of anemia, unless plasma had been received prior to admission, was found 
to be indicative of marked oligemia, but the progress of spontaneous hemo- 
dilution is so slow and variable that the hemoglobin determination proved 
of little value as a guide to transfusion therapy in the treatment of casualties 
received within a few hours after injury. Two criteria, however, were found 
to be exceedingly helpful in estimating the degree of blood volume deficiency, 
the first of which is the character of the wound. Certain types of wounds, 
such as traumatic amputations, compound fractures of large bones, severance 
of major blood vessels, chest wounds with signs of hemothorax and lacera- 
tions of abdominal viscera with hemoperitoneum, are almost invariably accom- 
panied by marked oligemia. The second criterion of transfusion requirement is 
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the level of the arterial blood pressure. Excepting in patients with central nerv- 
ous system injuries, a definite correlation was found to exist between the systolic 
pressure and the degree of oligemia. Patients with systolic pressures below 
85 mm. of mercury were consistently found to have a blood volume deficit 
exceeding 25 per cent, while those with pressures greater than 100 mm. of 
mercury always presented less than a 25 per cent deficiency. 

The following general plan of transfusion therapy was followed by the 
authors in treating oligemic shock and preparing casualties for surgery: 
Patients received with normal arterial pressures, but with severe wounds 
suggesting a significant degree of blood loss, were given 1,000 cc. of blood 
preoperatively ; those patients admitted with a low arterial pressure attrib- 
utable, as far as could be detected, to blood loss alone, received 2,000 cc. of 
blood preoperatively, or, if an adequate response was not attained, 1,000 cc. 
beyond that amount required to restore the systolic arterial pressure to 
approximately 100 mm. of mercury. Blood volume determinations at the 
completion of shock therapy applied in this fashion, indicated that the oligemia 
had been accurately corrected in most instances. Patients with perforating 
wounds of the chest were treated somewhat more conservatively : unless they 
were obliged to undergo a major operation under general anesthesia, pre- 
operative transfusions were halted when the systolic arterial pressure had 
risen to approximately 100 mm. of mercury, in order to avoid precipitating 
further intrapulmonary hemorrhage. 

During major surgical procedures, particularly in abdominal and extremity 
cases, further transfusion was usually required to maintain the blood volume. 
The degree of operative blood loss was often considerable, in some cases 
amounting to between 2,000 and 3,000 cc. The amount of transfusion 
required must obviously be calculated on the basis of the estimated blood loss 
incident to the surgical procedure and, more particularly, the course of the 
arterial pressure during operation. 

The question as to the proper role of plasma in shock therapy is a very 
important one. Plasma unquestionably serves as an adequate substitute for 
whole blood in the restoration of a reduced blood volume. It is, therefore, 
an invaluable therapeutic agent in emergency shock therapy under circum- 
stances in which whole blood is not immediately available, and in the treatment 
of mild or moderate oligemia as a means of conserving whole blood. However, 
it must be emphasized that the unrestricted use of plasma inevitably leads to 
anemia, when employed in the presence of oligemia; the greater the degree 
of oligemia, the greater is the dilution effect of transfused plasma on the 
remaining red cells. The use of more than 1,000 cc. of plasma in the treat- 
ment of severe oligemic shock results in a very profound anemia, which often 
cannot be materially improved by whole blood transfusions without danger- 
ously overloading the circulation. It is particularly desirable to avoid this 
complication in patients with massive wounds. Such patients usually face 
the added ordeal of a prolonged general anesthesia within a few hours follow- 
ing injury, and the additional loss of blood during operation may be ex- 
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cessively great. The presence of severe anemia, with marked diminution 
of the oxygen-carrying power of the blood, renders these patients especially 
prone to develop irreversible shock, in consequence of prolonged tissue anoxia. 
Anemia is, likewise, a dangerous complication in patients with penetrating 
wounds of the chest, already suffering from anoxemia as a result of a 
reduction in the amount of functioning lung tissue; not only is there a lower- 
ing of the oxygen capacity of the blood but its oxygenation is deficient. 

Excessive transfusion therapy should be avoided in the treatment of shock 
and the preoperative preparation of wounded patients. No case should receive 
more blood or plasma than is required to restore the blood volume to normal. 
Most individuals, to be sure, suffer no ill effects from transfusions which 
elevate the blood volume several hundred cubic centimeters in excess of 
normal ; on the other hand, patients with any type of wound may have hemor- 
rhage induced or enhanced by this procedure. Chest cases, with penetrating 
wounds of the lung, are particularly endangered by overloading of the circu- 
lation. Too vigorous replacement therapy ‘in these patients often leads to 
increased dyspnea and cyanosis due to pulmonary congestion, edema and 
hemorrhage, complications that may prove fatal. It has been our experience 
that these patients respond best to slow transfusions of whole blood, the 
volume of which does not exceed that amount required to restore and maintain 
the arterial blood pressure at a safe level. 

It often requires the finest clinical judgment to ascertain at what point 
transfusion should be stopped in the treatment of a patient in shock. Failure 
of the arterial pressure to rise as expected, in response to apparently adequate 
shock therapy, may be due to persistent oligemia on the basis of continued 
concealed bleeding ; on the other hand, there may be other factors perpetuating 
or aggravating the shock, irrespective of a normal blood volume. Possible 
factors include infection, such as peritonitis, or a gas bacillus infection; 
prolonged tissue anoxia, due to oligemia and hypotension, especially when 
aggravated by anemia; pulmonary damage with resultant impairment of 
blood oxygenation, or anoxic anoxia; and, finally, failure of vasoconstriction 
due to lesions involving the central nervous system. As soon as it becomes 
evident that oligemia is no longer the factor responsible for the state of shock, 
further transfusions should be regarded as of no avail, and this therapy 
abandoned forthwith. One of the earliest indications that the replacement 
therapy has been more than adequate, or has been prosecuted too vigorously, 
is the development of neck-vein distention; on the appearance of this sign, 
transfusion must promptly be halted if pulmonary edema is to be averted. 


SUMMARY AND CONCLUSIONS 
One hundred and twelve battle casualties admitted to a Field Hospital with 
serious abdominal, chest or extremity wounds have been studied by the authors. 
Fifty per cent of these patients were in severe shock. Detailed clinical 
observations were made in all cases, and serial determinations of either the 
hemoglobin concentration or hematocrit reading were performed. Measure- 
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ments of the plasma volume and plasma protein concentration, as well as 
hematocrit reading, were completed in 57 cases; in 33 cases multiple blood 
volume determinations were made, either in the course of transfusion therapy, 
or before and after operation. 

The arterial blood pressure was found to provide the most reliable clinical 
index of blood volume deficiency. All patients with initial systolic pressures 
below 85 mm. of mercury, excluding cases with spinal cord transection, were 
found to have marked oligemia, the deficit averaging 40 per cent of the 
expected normal blood volume; all cases with this degree of hypotension had 
a diminution in blood volume that exceeded 25 per cent. 

Blood volume and plasma protein measurements indicated that some 
degree of spontaneous hemodilution with low protein fluid often occurred in 
cases suffering from oligemic shock; the amount of this dilution, however, 
was small, rarely exceeding 200 cc. It is concluded that a normal hematocrit 
reading, or the demonstration of a mild anemia within a few hours after 
injury is no indication that a severe blood loss has not occurred. Severe 
anemia was produced by the adminisration of plasma to patients with marked 
oligemia. 

The majority of patients presented no evidence of an excessive loss of 
plasma in proportion to red cells; in a few cases with severe abdominal 
wounds there was demonstrated a disproportionate plasma loss, which resulted 
in a mild degree of erythroconcentration. The average total blood loss 
estimated to have occurred in cases of severe shock before admission to the 
hospital was 63 per cent. Hemorrhage appeared to have been most severe 
in patients with extremity wounds, and least severe in patients with uncom- 
plicated chest wounds. 

Blood volume measurements were performed pre- and postoperatively 
in ten cases, in order to ascertain the degree of blood loss occurring in the 
course of various surgical procedures. ‘The average loss in three cases 
subjected to open thoracotomy was 600 cc.; five patients requiring extensive 
abdominal surgery lost an average of 2,200 cc. of blood. 

Serial determinations of the blood volume indicated that hemorrhage 
occurred during the course of transfusion therapy in II out of 23 patients 
studied. This complication was encountered most commonly in patients with 
severe extremity wounds, a majority of these cases suffering a loss which 
averaged 40 per cent of the blood and plasma transfused. 

Plasma protein measurements before and after the injection of blood 
diluted with equal volumes of preservative solution indicate that retention of 
the latter in the blood stream is transient, and of insufficient degree to produce 
significant hemodilution. 

The mortality incidence in all cases admitted in severe shock was 32 per 
cent; of those whose arterial pressure on admission exceeded 85 mm. of 
mercury, II per cent died within a similar period, which included the first 
postoperative day. The majority of deaths were attributable to penetrating 
abdominal wounds. 
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Cases are described in whom the clinical signs of shock were unrelieved 
by therapy, despite complete restoration of the blood volume to normal. The 
factors operative in the production of “irreversible shock” included severe 
infection, lesions involving the central nervous system, anoxic anoxia due 
to pulmonary damage, and long-persisting combination of anemia, oligemia 
and hypotension, with terminal signs of myocardial insufficiency. 

Therapeutic indications for the use of whole blood and plasma are cited, 
and criteria for evaluating the requisite amount of transfusion therapy are 


discussed. 
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A COMPARATIVE STUDY OF 100 FRACTURES OF THE SHAFT 
OF THE FEMUR IN WHICH ONE-HALF WERE 
TREATED WITH PENICILLIN 


Maysor Spencer A. Cotto, Jr., M.C., A.U.S. 
Magsor Wititiam McDaniet Ewrne, M.C., A.U.S. 


DuRING A PERIOD of one year’s service of a General Hospital in Italy a 
series of 100 consecutive femoral shaft fractures have been followed from 
the time of their Base Hospital surgery until they were deemed able to be 
evacuated to the United States for rehabilitation. The cases were divided 
into four main groups, namely : Group I—Twenty compound fractures treated 
without wound closure or penicillin; and Group II—Fifty compound frac- 
tures treated with wound closure and penicillin therapy. Subdivisions of this 
group were provided. Group I[-A—represents nine septic cases carried over 
from Group I. Group II-B consisted of 41 patients treated with the penicillin 
program before, or upon admission to this hospital ; Group III—12 compound 
fractures treated with wound closure, but without penicillin therapy ; Group 
[V—18 simple femoral shaft fractures. Of the compound fractures there were 
79 battle casualties and three resulting from accidental injuries. Two of the 
18 simple fractures were caused from mine explosions and the remainder 
sustained accidental fractures. The management has developed from a 
time when it was considered unwise to close wounds over compound fractures 
to a method of treatment where débrided wounds were closed, surgical 
drainage established and penicillin therapy routinely administered. This 
transition of surgical management has developed with an increased supply 
of penicillin and experience acquired with battle casualties. The purpose of 
this communication is to present a comparative study of the four groups 
from the viewpoint of bone and wound healing. The factors upon which 
this study is based include the type of wound and fracture management; 
the time interval elapsed before primary surgery ; reparative surgery ;1* surface 
coverage of bone; callus formation; clinical union of bone, and wound 
healing; the type of Base Hospital surgery; and complications encountered 
and results. 

Before the 82 battle casualties came under our care they had received 
shock therapy, including plasma and whole blood. Wound excision had 
been performed under ether anesthesia in an average of 16.5 hours after 





*¥ -vlonel Edward D. Churchill, Surgical Consultant of the North African and 
Mediterranean Theater of Operations, introduced reparative surgery with the following 
statement: “A highly significant and far-reaching advance in military surgery has 
taken place in the Base Hospitals, with the development of what may be called reparative 
surgery. Wounds left unsutured at the initial operation are routinely closed by suture, 
usually at the time of the first dressing. With the use of penicillin as a safeguard against 
infection, the management of wounds complicated by fractures or joint involvement 
has been revolutionized.” 
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injury. The fracture was immobilized either in a spica encasement or 
Tobruk splint for early evacuation. The patient arrived in comfort and 
without shock, with few exceptions, in an average of six days following the 
fracture. In most instances there were retained foreign bodies and the 
fragments were unreduced. They presented the most severe group of casual- 
ties among the extremity injuries. There were usually signs of moderate 
anemia, hyperpyrexia,” and extensive multiple wounds. Additional serious 
injuries of other bones, abdomen, chest and brain were not uncommon. 
Laboratory data revealed an average red blood count of 3,000,000, white 
blood count of 15,000, hemoglobin 75 per cent (11.3 Gm.), hematocrit 34.7 
volume per cent, and the total serum protein 6.3 volume per cent. The 
latter figure is the only one which approximates normal. This is to be 
expected six days after injury, since the blood stream carries a small per- 
centage of the total body proteins. 

Seventy-five per cent of the compound femoral shaft fractures were 
severely comminuted, presenting roentgenographic evidence of involvement 
of two to eight inches of the bone. Fifty-one per cent were fractures of the 
middle third, 29 per cent of the distal third, and 20 per cent were within the 
upper third of the femur. Penicillin was administered to 50 cases, and 3,000 
cc. of whole blood was required to restore and maintain the normal blood 
picture on these cases in Groups II-A and II-B. The most blood admin- 
istered to any one case in this series during the course of treatment in this 
hospital was 9,500 cc., a septic femur in Group II-A. 

Skeletal traction was the initial reparative method of alignment in the 
majority of cases.* ‘Tibial traction was employed in lower and middle third 
femoral fractures as illustrated in Figure 1. The insertion of a second Kirsch- 
ner wire through the distal femoral fragment for control of the posterior 
bowing at the fracture site was useful in lower third shaft fractures (Fig. 2). 
Usually five pounds weight is required on this wire to reduce displacement 
when longitudinal traction is correct. Vertical traction with a Kirschner 
wire through the distal femoral shaft is helpful in upper third fractures and 
where there are wounds to observe (Fig. 3). These cases are not maintained 
in vertical traction longer than four to six weeks, so as to prevent patella 
fixation and stretching of the quadriceps muscle. - Further traction treatment 
is maintained with the Thomas splint and Pierson attachment. The Kirsch- 
ner wire or Steinman pin can be used through the tibia when vertical traction 
is employed, but it is advisable to use a plaster boot to balance the weight. 
This method was employed in those cases who had fractures of the tibia and 
fibula on the affected side and two-pin fixation was chosen as the method of 
treatment for the leg fractures. 

Surgical access to the thigh can be attained by suspending the extremity 
in overhead traction (Fig. 4). This is described by Major Benjamin E. 
Obletz.* Figures 4-A and B show typical wounds and drainage sites. Trans- 
portation from the operating room is managed with the extremity in traction, 


as shown in Figure 5. 
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In those cases in which immediate open reduction was chosen as the 
treatment of choice, as in complicating chest injuries, rigid fixation with 
application of a metal vitallium or molybdenum steel plate and screws were 
used.° This was done through a clean surgical incision and the wounds were 
closed, with drainage if indicated. This is illustrated in F igure 6, which shows 
the wound, and in Figure 7, which shows the internal fixation. 


Fic. 4A ric. 4B 





Fic. 4A—Vertical traction with the lower extremity in 90-90-90 position on the 
operating table. Wounds, which were débrided in the forward area, are shown. Usually, 
additional débridement of soft-tissue and bone is required. If wounds do not present a 
suitable site for drainage, surgical drainage is established in the region of election. 

Fic. 4B.—Secondary wound closure, with drainage. Drainage of the fracture site 
through the posterolateral proximal aspect of the thigh in the region of the gluteal fold. 


Group I consists of 20 battle casualties with femoral shaft fractures, of 
which 15 were severely comminuted, four were oblique, and one was transverse. 
Extensive thigh wounds were present, of which 17 were penetrating, and three 
were of the perforating type. Initial surgical care was administered in 25.5 
hours after injury. Nine days elapsed before surgery in the Base Hospital 
was begun. Secondary closure of wounds over compound fractures was not 
condoned during the first months of our work, and secondary surgery con- 
sisted of wound débridement, adequate drainage, wound dressing and skeletal 
traction. 

Many of these cases came in with clean wounds, but anemic and seriously 
ill. The average amount of blood administered per patient was only 1,200 cc. 
during their entire hospital stay. Wounds were dressed infrequently, but 
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many became suppurative. Four cases developed general sepsis, three of 
which had severe osteomyelitis. Drainage of localized abscesses was not an 
uncommon procedure. Alignment was difficult to maintain when dressings 
of the wounds were done, since most of the open wounds were over the 
fracture sites and it was necessary to release the support beneath them 
while dressings were being changed. At this time vertical traction was not 
being used as an aid to wound and fracture management. Some of 


: 
- oe 
ie 





Fic. 5.—The lower extremity is placed in traction with the Thomas splint and Pierson 
attachment for transportation from the operating room. At the distal ends of the splint and 
attachment will be noted a wooden bar used to separate the splints. 


the patients had fever for many days, the average of which was 17 days for 
this group. 

The unsatisfactory results obtained from the surgical treatment were not 
surprising in the light of our present conception of wound pathology. In 
fact, no word picture could paint the local sepsis and systemic debilitation 
portrayed in many instances. A review of statistical results also fails to 
reveal the irreparable organic damage that took place, both locally and 
systemically. 

In 17 cases the average time required for wound healing was 8.5 weeks, 
and in the other three, draining sinuses extending to bone were present at 
the time of evacuation. The latter three had osteomyelitis, and obtained 
poor results. 

There was roentgenologic evidence of beginning callus in six weeks follow- 
ing injury. Skeletal traction was maintained for nine weeks, average, and 
clinically firm union was present in that length of time in 17 cases. One 
osteomyelitis case had a bone deficit and the other two showed evidence of 
delayed union. There was angulation of the distal femoral fragment in four 
cases, which resulted in fair anatomic alignment. Another case had an 
anaerobic bacillis and hemolytic Streptococcus infection of the thigh, drained 
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for ten weeks and ultimately had angulation. Twelve, or 60 per cent, resulted 
in firm bony union and good anatomic alignment, with healed wounds. 
Group II.—Penicillin and Blood Therapy: This group is comprised of 
50 battle casualties treated in accordance with the penicillin program. Peni- 
cillin became available for the treatment of this type of battle casualty in 
February, 1944, and, with the assistance of Major Champ Lyons,® a program 
including its use was begun. The fundamental principles advocated were as fol- 
lows: Twenty-five thousand units of penicillin were administered intramuscu- 





Fie. 6 Fic. 7 


_. Fic. 6.—A débrided thigh wound of a patient with a compound fractured femur. Internal fixation 
with a metal plate and screws was chosen as the procedure of choice, since the patient had a complicating 
intrathoracic injury which later required chest surgery. 


Fic. 7.—Metal plate and screw fixation of a compound femoral shaft fracture. This was done 


through an anterolateral incision, with closure of the surgical incision. The wound as shown in 


Figure 6 was then closed and drainage to the fracture site established. 


larly every three hours day and night, for a period of 48 hours before surgery. 
Laboratory data, consisting of total serum protein, hemoglobin and hematocrit, 
was obtained by the copper sulfate method.’ Blood transfusions were given 
in sufficient quantity to restore the blood volume to normal, based on the 
estimation that 500 cc. of blood would raise the hematocrit three volumes 
per cent. 

The patient was taken to the operating room for the first dressing, and 
there complete débridement, if still needed, was done with fracture alignment. 
Surgical drainage was instituted from the fracture site to the dependent 
lateral proximal aspect of the thigh with fasciotomy in the region distal to 
the gluteus maximus and posterior to the tensor facia femoris muscle. The 
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drain is best directed in the intermuscular septum between the vastus lateralis 
and the biceps femoris muscles, thus, avoiding the great vessels and the sciatic 
nerve. The other wounds were closed and skin grafts were used where 
necessary. Dead space was reduced to the minimum. Fascial-splitting was 
done, when indicated, to relieve tension. Usually, 1,000 cc. of blood was 
given intravenously during surgery and additional transfusions were admin- 
istered postoperatively, using the hematocrit, hemoglobin and total serum 
protein reports as a barometer for the 
amount required. Each patient was 
maintained on penicillin, with the same 
intramuscular dosage, until wound heal- 
ing was progressing satisfactorily, as 
evidenced by soft-tissue coverage of 
bone, absence of temperature elevation 
and return of comfort, with increased 
appetite. 

Group II-A.—Nine battle casualties 
had been previously treated, as outlined 
in Group I, and all of these had devel- 
oped suppurating wounds prior to the 
use of penicillin. 

In these nine femurs, five were se- 
verely comminuted, three were mod- 
erately comminuted, and one was trans- 
verse. There were seven cases with 
penetrating wounds, and two were per- 
forating in type. The time-interval from 
injury to initial surgery was 18.5 hours, 
and to Base Hospital surgery eight Fic. 3—Case 1: Roentgenograms were made 
days. Wound healing required nine ite weg atey2S, im traction, after osteomy- 
weeks in six cases. Three cases were 
evacuated with open, draining wounds. Callus formation was demonstrated 
roentgenologically after eight weeks in four cases. Skeletal traction was 
maintained for an average of eight weeks. Delayed open reduction, and 
fixation with metal plates, was performed on five cases, of which four 
obtained good results and one was considered a fair result, because of sepsis 
complicated by compound fractures of the patella and both bones of the 
same leg. The results in the remaining four cases were considered poor. In 
the four poor results, all had wounds which continued to suppurate, three had 
local bone deficit and the fourth required amputation following evacuation. 

Four of these cases were complicated by other wounds. Three had 
received amputations of the opposite leg resulting from primary trauma. 
Two had fractures of both bones of the leg; one on the same side and the 
other on the opposite side. In both cases the tibia was plated. 
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BACTERIOLOGY AND WOUND SEPSIS 


All of these 82 compound fractures had contaminated wounds, and 75 
per cent showed local evidence of infection. Six, or two-thirds, of those 
receiving delayed penicillin therapy (Group II-A) had clinical and_bac- 
teriologic evidence of aerobic and anaerobic infection. Table I shows the 
bacteriologic study on five of these cases carried to completion in the 


penicillin laboratory. 





Fic. 9.—Case 3: Early roentgenograms of case before reparative treatment. 


The most common organisms encountered from wound cultures were 
Clostridia which were saccharolytic ; Staphylococcus aureus and streptococci. 
The isolation and identification of individual species of Clostridia was not 
practicable for the entire group in this hospital. A mixed culture, which 
produced a stormy fermentation in milk and had morphologic characteristics 
of the genus Clostridium, were identified with saccharolytic Clostridia. Many 
of the wounds showed proteolytic infection, and often penicillin-treated cases 
had pyocyanic infection.® 

Group II-B.—There were 41 cases treated with penicillin upon admission 
to this hospital. A few of these had received penicillin a week or more 
prior to reparative surgery. The mean amount of penicillin administered 
was 3,100,000 Oxford units per patient. There were 30 severely comminuted, 
eight moderately comminuted, two oblique, and one transverse fractures. 
Twenty-eight had penetrating wounds and in 13 the wounds were pet- 
Twelve hours had elapsed before initial surgery, and reparative 
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surgery was begun nine days after injury. Temperature elevation persisted 
for an average of 13 days. The mean healing time of soft-parts wounded was 
4.5 weeks. Callus was evident roentgenologically in 5.5 weeks, and bony 
union was firm after 11 weeks. Fourteen of these wounds drained for longer 
than four weeks. Twenty-seven, or approximately two-thirds, healed in 
two weeks, without suppuration from their wounds or drainage sites. 


TABLE I 


ORGANISMS IDENTIFIED IN FIVE CASES OF COMPOUND FEMORAL SHAFT FRACTURES IN WHICH BACTERIOLOGIC 
STUDIES WERE CARRIED TO COMPLETION IN THE PENICILLIN LABORATORY 
No. of Cases 
in which 
Organism Present 


Clostridium perfringens or Cl. welchii........... 3 
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The local complications encountered were bone deficit in two cases, intra- 
articular fractures of the knee on the affected side in three, major blood vessel 
laceration in two, secondary hemorrhage in two and local sepsis in six cases. 
The general complications were five chest injuries, nine cases with other frac- 
tures, multiple wounds in 12, intra-abdominal wounds in two, pneumonia in 
one, posttransfusion anuria in one case and thrombophlebitis of the opposite 
leg in one patient. No serious complications from penicillin which required 
cessation of the drug were encountered. Eleven of these fractures were 
treated with open reduction and metal plate fixation. 

There were 38 good results evidenced roentgenologically and by clinical 
examination for the period of treatment in this Theater of Operations. One 
femur showed a fair result with side-to-side union and one inch shortening. 
In two cases satisfactory bony union failed to develop because of bone deficit. 
The latter were classified as poor results. 

Group III is comprised of 12 patients all of whom had wound closures, 
without receiving penicillin. These fractures were comparable to those pre- 
viously discussed in Group II-B, however, all wounds were nonsuppurative 
upon admission. Delayed primary closure was done, without drainage, in all 
except one case which was drained following secondary closure. Seven 
of this series were severely comminuted. Nine had penetrating wounds and 
three were perforating in type. Only three cases had temperature elevation 
and one developed a superficial abscess requiring secondary drainage. 
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Delayed open reduction, with metal plate fixation, was done on three 
soldiers in this group and they were given sulfadiazine. The time-interval 
before initial surgery was 15 hours and before reparative surgery was insti- 
tuted 6.5 days had elapsed. All wounds healed primarily within four weeks, 
with the exception of the above mentioned case. Callus formation appeared 
in six weeks and firm bony union was obtained in ten weeks. These cases 
only required an average of 1,000 cc. of blood to restore the blood hematocrit 


and hemoglobin to normal values. 





Fic. 10.—Case 3: Late roentgenograms after bony union prior to evacuation. 


Among the local complications the following were seen: Delayed union, 
in which drilling and plating was done after 14 weeks in one case; severance 
of the popliteal artery, requiring artery and vein ligation followed by repeated 
novocaine blocks of the lumbar sympathetic ganglia; and fracture of the 
tibia of the same extremity. There were no general complications. 

The patients showed good results in 11 instances, and one was considered 
only fair due to one inch shortening ; however, there was firm bony union. 

Group IV was composed of 18 simple fractures treated during this period. 
Five were comminuted, five were oblique and eight were transverse. Satis- 
factory alignment was not obtained by skeletal traction in four. These were 
openly reduced and held by metal plates. Callus formation was present 
roentgenologically in 5.5 weeks, and firm bony union was present at the end 
of ten weeks. 

One patient had a fractured patella on the same side, and five had other 
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fractures from the initial injury. The only case of bilateral femoral shaft 
fractures was in this group. Good results were obtained in all cases. 


TABLE II 
20 Cases % Cases 41 Cases 12 Cases 18 Cases 
Group I Group II-A GroupII-B Group III Group IV 
Time-interval to ist surgery (hrs.)...... 25.5 18.5 11 15 10 
Time-interval to secondary surgery (days) 9+ 8.2++ Otte 6.5tt* 6tte+ 
NIE POWER. 0 6.0.6 645.0406 se su ese esas 17 56 13 11 
Time in traction (weeks)............... 9.3 8 11 10 10 
Amount of blood administered 300th G.H. 
ly ora Sai See Tle Wie W640 © 8 6:k 0 8% 1200 5300 2150 1000 1700§ 
Amount of penicillin (million units) 300th 
DETTE gh 64 606.9 0.0.6000'0b 26 ¥ie 6 0 4.32 3.064 0 0 
Hematocrit before treatment........... 33% 34% 37% 39%§ 
Hematocrit after treatment............ 44% 44% 44.3% 43% 
Hemoglobin before treatment (Gm.).... 10.4 11 11.7 12 12.7§ 
Hemoglobin after treatment (Gm.)...... 13.2 14.5 14.9 14.5 14.7 
Red biood count before treatment (million) 3; 
Red blood count after treatment (million) 4.6 
Wound healing (weeks)................ 8.5* 9t 4.5 4 
Callus (ist x-ray evidence, weeks)....... 6 8t 5.5 6 $5 
Bone healing (weeks).................. 9. 3* Unknown 11 10 16 
Symbols indicating the type of secondary surgery: 
+ Skeletal traction, additional débridement and drainage when indicated. *17 cases 
++ Same as Group I. Reparative surgery under the penicillin program was done later. T 6 cases 
++* Reparative surgery. t 4 cases 
++++# Skeletal traction. § 8 cases 


CASE REPORTS—GROUP I 

Case 1.—White, male, age 23. November II, 1943, 1550 hours, wounded in action 
by high explosive shell in Italy and received: (1) Wound, severe, distal third of the 
right thigh involving the knee joint. (2) Fracture, compound, comminuted, distal third 
of the right femoral shaft. 

November 13, 1943: Ether anesthesia, at Evacuation Hospital (24 hours time 
interval) : Débridement of wounds and closure of knee joint capsule. Sulfa-vaselined 
gauze dressing and Tobruk splint immobilization. Plasma and blood administered. 

November 20, 1943: Admitted to General Hospital. 

November 21, 1943 (ten days time-interval): Pentothal anesthesia. Kirschner 
wire was drilled through the area of the tibial tubercle for skeletal traction. Treated in 
skeletal traction. Wounds not closed. No penicillin administered. Temperature ele- 
vation 24 days. Wound did not heal. Callus was present roentgenologically in six 
weeks. Traction was maintained for 11 weeks. 

Original red blood count, 3,430,000. Final count, 4,830,000. Original hemoglobin, 
12 Gm. Final hemoglobin, 13.5 Gm. Blood administered, 2,000 cc. Poor results 
obtained because of wound sepsis and osteomyelitis. 


GROUP II-A 

Case 2.—White, male, age 21. February 22, 1944, o100 hours, wounded in action 
by enemy shell fragments in Italy, and received: (1) Wounds, penetrating, left midthigh, 
severe. (2) Fracture, compound, comminuted, middle third left femoral shaft, severe. 

February 22, 1944, 2130 hours (time-interval 20.5 hours), at Evacuation Hospital, 
pentothal anesthesia. Wounds were débrided and plaster of paris hip spica was applied 
to the knee of the unaffected side and from the costal margin to the toes on the affected 
side. Blood plasma was administered. 

February 27, 1944. Admitted General Hospital. Good general condition. Tem- 
perature elevation 101° F. Plaster of paris encasement intact. Circulation and nerve 
supply to extremities good. One thousand cubic centimeters of blood administered as 
transfusion. 
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February 20, 1944 (time-interval 7 days). Pentothal anesthesia. The encasement 
was removed in operating room, and there was found to be a great deal of foul drainage 
from the lateral wound of the thigh which communicated with the fracture. There was 
edema-of the whole thigh. The lateral wound was enlarged for better drainage. Skeletal 
traction was obtained with a Kirschner wire through the area of the tibial tubercle. No 
closure of wounds. Twenty-five thousand units of penicillin every three hours begun. 
Postoperative treatment consisted of skeletal traction in a Thomas splint and Pierson 





Fic. 11 Fic. 12 
Fic. 11.—Case 4: Fracture before reparative treatment. 
Fic. 12.—Case 4: Fracture immobilized in plaster before evacuation. 


attachment, suspended on a Balkan frame. Penicillin amount: 4,200,000 units. Tem- 
perature elevation: six days. 

April 11, 1944. Pentothal and ether anesthesia. Open reduction with internal fixation 
with metal plate and screws, because of malposition. Closure of wounds. Wounds 
healed in eight weeks following injury. Callus was present in five weeks. Treated in 
traction six weeks before internal fixation. 

Wound Cultures: Staphylococcus hemolytic, Streptococcus hemolytic, Clostridium 
welchii, and Clostridium proteolytic. 

Original hematocrit, 39 volume per cent. Final hematocrit, 48 volume per cent. 
Original hemoglobin, 13 Gm. Final hemoglobin, 16 Gm. Amount of blood given was 
3,000 cc. 

April 29, 1944: Evacuated to the Zone of Interior. Good result. (No roentgeno- 
gram available for reproduction. ) 


GROUP II-B 
Case 3—White, male, age 35. June 19, 1944, 2300 hours, wounded in action by 
shell fragment in Italy and received: (1) Wounds, penetrating; left thigh. (2) Fracture, 
compound comminuted, middle third, left femoral shaft, severe. 
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June 20, 1944, 1500 hours (time-interval, 16 hours). At Evacuation Hospital, ether 
anesthesia. Débridement of wounds and removal of one foreign body. Plaster of paris 
spica encasement applied to the knee of the unaffected extremity and from the costal 
margin to the toes of the affected extremity. Penicillin, 25,000 units every three hours 
for six days postoperatively. 

June 27, 1944: Admitted to General Hospital. Condition good on arrival. Plaster 
encasement intact, circulation and nerve supply to the left foot and toes good. 

June 29, 1944: Pentothal anesthesia. Encasement removed, and a wound was 
found, four inches long, anterolateral aspect proximal fourth of left thigh, which was 





Fic. 13.—Case 5: Roentgenograms before reparative surgery. (traced) 


nonsuppurative. Kirschner wire was drilled through the area of the tibial tubercle. The 
wound was débrided and three foreign bodies were removed. Drainage with a Penrose 
drain through a stab wound posterior and lateral aspect of the proximal fourth of the 
thigh. Secondary closure of the wound on the anterior and lateral aspect of the thigh. 

The patient was treated in traction with a Thomas splint and Pierson attachment 
suspended on a Balkan frame. Penicillin, 2,200,000 units. Temperature elevation, five 
days. Wounds healed in 2.5 weeks. Callus formation was present roentgenologically in 
four weeks. Traction was maintained for 12 weeks. Original hematocrit, 39.5 volume 
per cent. Final hematocrit, 47 volume per cent. Original hemoglobin, 13.4 Gm. Final 
hemoglobin, 15.9 Gm. The total amount of blood given was 1,000 cc. Good result 
was obtained and no complications. 

Case 4.—White, male, age 21. June 10, 1944, 1030 hours. Wounded in action in 
Italy and sustained: (1) Wound, penetrating, right thigh, severe. (2) Fracture, 
compound comminuted, right femur, midthird. 

June 10, 1944, 1630 hours (time-interval, six hours). Ether anesthesia. At 
Evacuation Hospital. Wounds débrided, removal of foreign bodies and plaster hip spica 
immobilization extending to knee of unaffected side and from costal margin to toes of 
affected side. 
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June 13, 1944. Admitted to General Hospital. 

June 15, 1944 (time-interval, five days). Pentothal and ether anesthesia. Encase- 
ment removed, two wounds of the right thigh were found. Foreign bodies could not 
be located. Wounds were débrided and closed. Drainage established. Kirschner wire 
placed in upper tibia for traction postoperatively. Penicillin, 5,200,000 units. Tempera- 
ture elevation, 11 days. 

June 29, 1944. Open reduction with metal plate and screw fixation. Drainage of 
thigh. Wounds healed in nine weeks after injury. Bone healing was present 12 weeks 
after injury. Original hematocrit, 26.9 
volume per cent, Final hematocrit, 
41.9 volume per cent. Original hemo- 
globin, 9.2 Gm. Final hemoglobin, 
14.2 Gm. Amount of blood given was 
2,000 cc. Local complications were 
early wound sepsis. Skin graft was 
done later. General complications were 
multiple wounds and hepatitis with 
jaundice. Good results obtained. 

Case 5.—White, male, age 20. 
March 27, 1944, 2245 hours, wounded 
in action by rifle grenade in Italy and 
sustained: (1) Wounds, penetrating, 
both thighs, severe. (2) Fracture, 
compound comminuted, distal half 
right femur, involving the knee, se- 
vere. 

March 28, 1944, 0700 hours (time- 
interval, eight hours and 45 minutes), 
at Evacuation Hospital. Débridement 
of wounds and removal of some for- 
eign bodies. Double spica encasement 
was applied. Secondary hemorrhage 
developed and a pack was left in the 
right thigh to control hemorrhage, 

April 4, 1944. Admitted to General 
Hospital. Plaster spica was _ intact, 
and circulation and nerve supply to 





Fic. 14.—Case 5: Final roentgenograms after union, 
and encasement was removed before evacuation. extremities were good. 


April 6, 1944 (time-interval, ten days). Pentothal and ether anesthesia. Insertion 
of Kirschner wire through the area of tibial tubercle. Excision of wounds and removal 
of one foreign body. Closure of wounds and drainage of fracture site. Treatment in 
balanced traction with Thomas leg splint and Pierson attachment. Penicillin administered, 
2,000,000 units. Temperature elevation, 16 days. Wounds healed in six weeks. Callus 
was present roentgenologically in six weeks. Traction was maintained for ten weeks, 
and firm bony union was present in that time. Encasement removed on 14th week. 
Patient allowed to walk with aid of crutches on the 16th week. Original hematocrit, 40 
volume percent. Final hematocrit, 48 volume per cent. Original hemoglobin, 13.5 Gm. 
Final hemoglobin, 16 Gm. The amount of blood administered was 1,500 cc. The local 
complication was intra-articular knee fracture. There were no general complications. 
Good result obtained, with knee motion present. 
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GROUP Ii 


Case 6.—White, male, age 23. May 31, 1944, 0830 hours, wounded in action by 
gunshot in Italy and sustained: (1) Wound, perforating, severe, left thigh, medial and 
lateral aspects. (2) Fracture, compound, comminute*, upper third of left femur. 

June 1, 1944, 0230 hours (time-interval, 18 nours). At Evacuation Hospital. 
Wounds débrided and vaselined gauze dressings. Plaster spica immobilization. 

June 1, 1944. Admitted to General Hospital. Good general condition, with nerve 
and blood supply present in both extremities. Plaster encasement intact. 





Fic. 15 Fic. 16 


Fic. 15.—Case 6: Original roentgenograms before reparative surgery. 
Fic. 16.—Case 6: Roentgenograms made after bony union had been established. 


June 3, 1044 (time-interval, four days). Pentothal anesthesia, Kirschner wire 
inserted through the area of the tibial tubercle for skeletal traction. Secondary closure 
of clean wounds. No drainage of fracture site. No penicillin. No temperature elevation. 
Wounds healed in three weeks. Callus present roentgenologically in four weeks. 
Traction was maintained for 11 weeks, and firm bony union was present at that time. 
Original hematocrit, 39.5 volume per cent. Final hematocrit, 51.9 volume per cent. 
Original hemoglobin, 15.5 Gm. Final hemoglobin, 17.5 Gm. No blood was given. 
There were no local or general complications. Result good. 


GROUP IV 
Case 7.—White, male, age 27, August 22, 1944, accidentally injured in government 
vehicle in France and sustained: (1) Fracture, simple, comminuted, oblique, severe, 
middle and distal thirds of the right femur. 
August 22, 1944, 1400 hours (time-interval unknown). Plaster spica applied 
extending from knee on unaffected side to costal margin and toes on affected side. 
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August 24, 1944. Admitted to General Hospital. Good general condition. Nerve 
and blood supply intact in both lower extremities. 

August 26, 1044 (time-interval, four days). Pentothal and ether anesthesia. 
Kirschner wire was drilled through the su- 
pracondylar region of the right femur and 
the extremity was suspended in 90-90-90 
position on the operating table. An antere- 
lateral incision was made, the quadriceps 
muscle was retracted medially, and through 
the vastus intermedius the femur was ex- 
posed, Osteotomy was done of the inter- 
mediate fragment and the fragments were 
replaced. Internal fixation was obtained with 
a metal plate and seven screws. The wound 
was closed in layers with interrupted cotton 
sutures and silk for the skin. 

The patient was treated in a Thomas splint 
and Pierson attachment for four weeks, after 
which the extremity was immobilized in a 
1.5 plaster spica for evacuation. The in- 
cision healed in ten days by primary inten- 
tion. Callus was present in four weeks. 
Original hematocrit, 34.1 volume per cent. 
Final hematocrit, 40.5 volume per cent. 
Original hemoglobin, 11.8 Gm. Final hemo- 
globin, 13.6 Gm. Total serum protein was 
6.3 and 6.6 volume per cent. Four thousand 
cubic centimeters of blood was given, Good 
results obtained. 





Fic. 17.—Case 7: Roentgenogram before repar- 
ative surgery. 


Discussion.—Based on a comparative study of these fracture groups it 
is our opinion that early adequate forward surgery is of paramount value in 
the prevention and control of infection. It is essential that patients having 
sustained injuries, with accompanying shock, should first be stabilized with 
adequate whole blood and plasma in order that a complete primary wound 
excision may be performed. The time necessary in preparing the patient 
to permit proper surgery is of greater value than limiting oneself to a time- 
interval in which it was previously thought infection could be prevented. 

Factors of importance in the primary procedure are as follows: Excision 
with added surgical exposure necessary to remove devitalized tissue, foreign 
material and secure hemostasis. This can be done by the use of longitudinal 
incisions in order to permit closure without tension at a later date. De- 
tached small bone fragments when contaminated promote infection and 
should be removed. Larger fragments which have an adequate blood sup- 
ply are essential to healing in supplying a local calcium surplus and should 
be preserved both to restore continuity and eliminate dead space. Wounds 
and incisions should be dressed with loosely placed gauze to promote the 
escape of exudate. Adequate immobilization for transportation is best 
achieved by the use of a plaster of paris spica encasement extending to the 
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knee on the unaffected extremity and from the costal margin to the toes 
on the affected side. 

Both from the standpoint of wound healing and fracture alignment, 
reparative surgery consisting of secondary closure of wounds, with drain- 
age, and skeletal traction has been most satisfactorily instituted in the period 
from five to ten days after injury. In the cases of Group I, where surgical 
closure of wounds was not performed, infection often developed by second- 
ary invasion. ‘Tissue closure is best attained by deeply placed interrupted 





Fic, 18.—Case 7: Roentgenograms following reduction and internal fixation with metal 
plate and screws. 


vertical mattress sutures of silk in the skin. Proper dependent drainage, 
as previously described, should be a routine procedure. 

Internal fixation with metal plates and screws” 1° was done in 23 cases. 
Nineteen of these were done in compound fractures and four in simple frac- 
tures. Open reduction of compound fractures can be safely performed with- 
out promoting invasive infection by the use of penicillin. This was done 
in five cases in Group II-A and 11 cases in Group II-B. 

Twenty-two of the cases on which internal fixation was done obtained 
good results. In the other case there was loosening of the screws because 
of poor technic requiring removal of the plate, osteotomy and application 
of a second plate. The ultimate result in this case was satisfactory. 

The indications for internal fixation in this series of cases were: 

(1) Oblique unreduced fractures with clean wounds. 

(2) Comminuted fractures with intermediate fragments not likely to be 
reduced by traction. 

{3) Interposed muscle tissue. 
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(4) Unreduced fractures, which were not too severely comminuted, and 
could not be reduced by traction in three weeks. 

(5) Complicating additional injuries as intrathoracic, brain, and other 
fractures or joint injuries of the same extremity where additional surgery 
was needed during the time traction was essential. 

(6) Adequate access to fragments through clean débrided wounds where 
comminution did not render fixation impossible. 

(7) Bone deficit where osteotomy and bone shortening was indicated to 
promote union. 

(8) Delayed union for three months where drilling procedure and 
rigid fixation was advisable. 

(9) Extensive soft-tissue loss which prevented the maintenance of the 
bony continuity by traction. 

Although open reduction with internal fixation was performed in 23 
per cent of the compound fractures, excellent alignment was obtained by 
traction in the most severely comminuted fractures. 

Wound healing in 29 cases treated by the open method (Groups I and 
II-A) was unsatisfactory, with exudation for over two months in 26 of the 
patients. In the other 53 soldiers with compound femoral fractures (Groups 
II-B and III) wound healing by primary intention resulted in 38 of the 
cases. The other 15 cases healed by secondary intention, without systemic 
complication. 

In the nine cases of sepsis treated with delayed penicillin therapy tem- 
perature elevation persisted for 56 days after admission to the hospital. 
In the presence of abscess formation or necrotic tissue penicillin is not a 
curative agent, nor does it prevent systemic signs of infection. In contrast 
to this, adequate surgery with early penicillin therapy gave satisfactory 
wound healing, as stated above. 

Although infection in the wound did not materially affect the appearance 
of callus on roentgenologic examination, delayed union of bone was in direct 
proportion to the length of time drainage persisted. As far as can be 
demonstrated from the groups of cases, bone healing was not accelerated 
by the use of penicillin except in its role of controlling invasive infection. 

There have been no deaths in this hospital among patients with femoral 
shaft fractures. 

Six out of this series of patients developed anaerobic infection of the 
thigh, three of which showed clinical and bacteriologic evidence of gas 
gangrene. We are of the opinion that penicillin was of material benefit in 
the recovery of these patients. 

No amputations were performed on this group of cases, with the ex- 
ception of the one case after evacuation. 

The final classification of these patients was as follows: Good—healed 
wounds, fracture firmly united in good anatomic alignment, active knee joint 
motion present through a good range and the patient was expected to obtain 
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a normal functional result. Fair—surface coverage of bone even though 
complete skin coverage was not present, firm bony union with moderate 
shortening or angulation, expected to have good functional result at a later 
date. Poor—failure of wound healing, femurs with bone deficit and non- 
union where further surgery would be required to obtain satisfactory func- 
tion or osteomyelitis present. 


TABLE II) 


OUTLINE OF RESULTS 


Group No. of Cases Good Fair Poor 
1 20 cases...... rer ay | 5 3 

II-A 9 cases... .. ieie Chis Whereas 4 1 + 
II-B CL eee Gee a a ae 38 1 2 

III RMI ooo sao aveiw an! 6 Sb os 11 1 

IV RNR 28s ois, cca 0s cls Wi aa 18 

Total 100 cases. . stiSe De elas 83 8 9 

SUMMARY 


A comparative study of 100 femoral shaft fractures has been presented. 
Cases treated without delayed wound closure and without penicillin, are 
compared with those treated by these methods. Control groups of patients 
treated with delayed wound closure, and without penicillin, and simple 
fractures are included. An outline of our surgical management has been 
given. The indications for employing metal plate fixation in 23 of these 
cases is outlined. Complications and results for each group of cases while 
under our care have been discussed. 


CONCLUSIONS 

(1) Penicillin and blood are most valuable as aids in the prevention 
of local and systemic invasion of penicillin-sensitive organisms, but with- 
out adequate surgery they alone are not the panacea. 

(2) Reparative surgery of the soft tissues consisting of secondary 
débridement and closure instituted between the fifth and tenth days hastens 
wound healing in these severe fractures. 

(3) The majority of femoral shaft fractures can be realigned by skeletal 
traction. 

(4) Internal fixation of compound as well as simple femoral shaft frac- 
tures has been satisfactorily performed where indicated. 

(5) The time required for bone healing is in direct proportion to the 
time wound sepsis persists. 


Sincere appreciation and gratitude is extended to the General Hospital staff for the 
cooperation and aid in the preparation of clinical material and statistics to make this 
report possible. 
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THORACO-ABDOMINAL INJURIES 
A REPORT OF TWENTY-NINE OPERATED CASES* 


Masor Reeve H. Berrs, M.C., A.U.S. 


THORACO-ABDOMINAL injuries have shown a uniformly high mortality 
rate. Jolly’ had records on only 26 thoraco-abdominal cases, but of these, 
16 died, a 61.5% mortality rate. Michels’, in reviewing 83 cases from the 
Tunisian and Italian Campaigns, found a mortality rate of 48%. Inasmuch, 
as recent reports of abdominal war wounds* * have shown a considerable 
decrease in mortality from the results of World War I, and thoracic in- 
juries in the present war have not been fatal as often as formerly” ® it seems 
that thoraco-abdominal injuries should, likewise, show a reduction in mortality 
rate. It is our belief, based on a small group of cases, that this is true. 
As no surgeon is apt to have a large group of such cases it will be necessary 
to collect the smaller groups in order to have a series of sufficient size to be 
statistically significant. This group of cases is, therefore, being reported. 


DEFINITION 

There has been some confusion due to inadequate definition. A thoraco- 
abdominal injury signifies that the missile has entered or traversed both the 
pleural and peritoneal spaces. This necessitates perforation of the diaphragm. 
All injuries that involve the chest and abdomen by the same missile are true 
thoraco-abdominal injuries. If separate foreign bodies have entered each of 
the cavities they are not true thoraco-abdominal lesions as the diaphragm has 
not been injured. As surgical procedures may differ from those employed 
in thoraco-abdominal injuries, cases with separate injury to thorax and 
abdomen are better termed combined thoracic and abdominal injuries. All 
cases here reported had true thoraco-abdominal lesions. 


MATERIAL 


In a ten-month period during 1943 and 1944, 31 thoraco-abdominal in- 
juries were seen by a thoracic surgical team of an auxiliary surgical group. 
During the first month we functioned in a forward evacuation hospital; the 
remainder of the time with a field hospital. A field hospital, as used in the 
Italian Campaign’, was the most forward medical installation equipped to 
carry out definitive surgical care. In almost every instance it was set-up 
adjacent to the divisional clearing station, taking only the most seriously 
wounded or “nontransportable”’ cases. As a group, cases treated at a field 
hospital are more severely wounded than those evacuated to an evacuation 
hospital. 

During the period of this report, except for one month, it was necessary 
that our team act as a general surgical team and we, therefore, did only a 





*From the 2nd Auxiliary Surgical Group. 
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volume 122 THORACO-ABDOMINAL INJURIES 

proportional number of the thoraco-abdominal cases admitted to the field 
hospital. Of the 31 cases seen by us, two were not operated upon. One 
was transferred to another installation. The second, in addition to a left 
thoraco-abdominal injury, had a right traumatic thoracotomy, traumatic 
amputation of the right arm and a severe wound of the right thigh. In spite 
of 3,500 cc. of blood and 500 cc. of plasma a blood pressure was never 
obtainable and the patient expired five hours after injury, without coming 
to surgery. This is the only case we saw that died preoperatively. The 29 
cases that were operated upon form the basis of this report. Six of the 
ag cases ended fatally, a mortality rate of 20.7%. 

There were ten cases in which the lesion was on the right side and 18 
which were left-sided. One case was bilateral, the same missile having 
traversed the abdomen and both pleural cavities. In the ten right-sided 
cases the liver was injured in every instance and was practically the only 
abdominal organ involved. The right kidney and adrenal were each in- 
jured once. The abdominal organs involved in the left-sided cases varied. 
The spleen was injured in ten of the 18 cases, stomach in 8, colon in 8, 
liver in 7, jejunum in 4, pancreas in 2 and adrenal in r. (Table I.) In the 
one bilateral case the liver was the only abdominal organ involved. 


AGENT 
Fragments of high explosive shells or bombs, because of their irregular, 
jagged surfaces produce more extensive damage than bullets. In this group 
of cases, it was found that the missiles in 22 of the thoraco-abdominal in- 
juries were fragments of H.E. shells or bombs and in seven were bullets. 
A detailed listing of these injuries will be found in Table I. 


DIAGNOSIS 

Sufficient evidence of thoraco-abdominal injury to indicate operative in- 
terference is in most instances unmistakable. Thoracic involvement is 
usually apparent. A wound of entrance or exit that traverses the costal 
cage must by necessity involve the pleural cavity. Roentgenographic evi- 
dence of an intrathoracic foreign body needs no further support. Abdominal 
injury by a missile whose site of entrance is thoracic may be more difficult 
to determine. Likewise, many perforating wounds where both entrance 
and exit are thoracic may leave doubt as to the presence or absence of 
peritoneal penetration. The course of perforating foreign bodies must be 
decided on a purely clinical basis, whereas, the path of a penetrating missile 
is more easily projected from its wound of entrance and its location as de- 
termined roentgenographically. Both postero-anterior and lateral projec- 
tions are necessary. 

Physical signs are of little aid in questionable cases. Abdominal pain 
and rigidity are so often present in thoracic cases that they cannot be relied 
upon. Peristalsis suggests that injury to a hollow viscus has not occurred, 
but we have noted it to be present in two of our cases with colonic injuries. 


797 








REEVE H. BETTS Annals of Surgery 


November, 1445 


Peristalsis is frequently present when abdominal injury is confined to the 
spleen or liver. Thus, physical signs are often confirmatory but seldom 
diagnostic. Various refinements of diagnosis such as pneumothorax or 
pneumoperitoneum, as reported by Burbank, Samson, Burford and Mesirows 
are helpful but not practical except in the base hospital when the acute 
phase has passed and it is necessary to localize the foreign body only for its 
removal if indicated. 

It is just as necessary to explore any doubtful thoraco-abdominal ip- 
jury as it is every questionable abdominal penetration. Therefore, unless 
one is certain that the lesion does not involve the abdomen, exploration 
is mandatory. Even if no hollow viscus is injured, a damaged spleen may 
prove fatal or an overlooked perforation of the liver may be the cause of a bile 
empyema. The only cases that permit any other course are those in which 
small foreign bodies can be demonstrated to lie within the liver. If such 
missiles are but one or two millimeters in diameter the chance of their 
producing sufficient damage to warrant exploration is remote. Any foreign 
body larger than three millimeters should be considered of sufficient size to 
demand exact knowledge of the damage it may have produced. 


APPROACH 

No hard and fast rule can be laid down as to the operative approach for 
all cases. That is, whether it shall be through the chest or through the 
abdomen, or both. The choice is dependent on three factors: First, whether 
more extensive damage is expected in the chest or in the abdomen; second, 
whether the damage can be repaired more easily from above or below; and 
third, the personal choice of the surgeon, which is dependent upon his train- 
ing and experience. Thoracic surgeons tend to do more cases from above 
while abdominal surgeons take the opposite stand and prefer to do as many 
as possible through the abdomen. 

What are the advantages of each approach? The transthoracic method 
will be discussed first. There are seven factors that need to be mentioned. 
First, if there is much thoracic as well as abdominal damage, the thoracic 
part cannot be done from below. Second, certain upper abdominal lesions 
are more easily handled through the diaphragm. This applies to the spleen, 
splenic flexure of the colon, upper portion of the stomach (especially if the 
posterior surface is involved), the dome of the liver, and both kidneys. 
Third, diaphragmatic repair is best accomplished transthoracically. This is 
true of both the right and left sides. Small lesions of either side may be 
closed adequately through the abdomen. But, those over the liver dome 
and large defects, such as result from tearing the diaphragm from the costal 
margin, especially posteriorly, must, in most instances, be repaired from 
above. Fourth, it permits exteriorization of the transverse or splenic flexure 
of the colon through a subcostal gridiron incision at a greater distance from 
the operative incision than is possible if a celiotomy has been done. Wound 
infection is thereby reduced to a minimum. Fifth, postoperative pain is 
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less severe from a thoracotomy than from a celiotomy. At thoracotomy the 
two accompanying intercostal nerves are easily exposed and crushed with 
a hemostat. Having less pain the patient will aerate the lungs more 
adequately and raise bronchial secretions more completely than if he is experi- 
encing discomfort from an abdominal incision. Sixth, the patient may be car- 
ried in a light plane of anesthesia during a thoraco-celiotomy, as abdominal 
relaxation is not necessary. Seventh, although it may not be apparent 
preoperatively, considerable damage to the intrathoracic organs may be 
present. This will not be determined and its repair, therefore, not ac- 
complished if the exposure is an abdominal one. 

The factors favoring an abdominal approach are two. It is indicated 
to repair lesions of the lower ileum, cecum, ascending, lower descending, 
sigmoid and hepatic flexure of the colon. Many of these organs cannot 
be adequately exposed transdiaphragmatically. In such instances celiotomy 
is mandatory. Second, should the thoracic disturbance be minimal and 
operative therapy not indicated, (such as a small hemothorax or minor per- 
foration of the lung) an abdominal exploration prevents entering another 
serous cavity. 

It is apparent, therefore, that certain lesions are best done from above 
and certain others from below. Inasmuch, as most of the abdominal dam- 
age will be found in the upper abdomen it is advisable to do all questionable 
cases from above. Also, if it appears that there has been appreciable dam- 
age in the thorax the lesion is best approached through the chest. Should 
such exploration reveal abdominal lesions that cannot be adequately ex- 
posed one should have no hesitancy in doing both a thoracotomy and a 
celiotomy. If the thoracic physiology is restored by thoracotomy the patient 
is in better condition to withstand a celiotomy. It is the practice of some 
surgeons to handle such a problem by extending the thoracic incision through 
the costal cartilages and on to the abdomen to gain the necessary exposure. 
We do not hold with this opinion, as dividing the costal cage makes for 
instability of the chest and enhances the chance of postoperative pulmonary 
complications. It takes no longer to do both a thoracotomy and a celiotomy, 
which is the method we prefer. Finally, one must take account of the ex- 
perience and qualifications of the individual surgeon. We do not propose 
that the performance of a thoracotomy is a difficult procedure nor that the 
postoperative management of patients subjected to intrathoracic operations 
is difficult. However, the general surgeon whose experience in modern 
thoracic surgery has been limited, does not fully appreciate the importance 
of securing air-tight closure and stability of the thoracic cage, complete 
and rapid reéxpansion of the injured lung, and the maintenance of a clear 
tracheobronchial passage during the postoperative period. If the surgeon 
does not feel confident that he can accomplish these objectives it is safer 
for him to utilize the abdominal approach. The corollary of this may also 
be true in that the thoracic surgeon with limited experience in abdominal 
surgery may not fully appreciate all the problems associated with the man- 
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agement of abdominal lesions. We believe that most thoracic surgeons 
have had a sufficiently broad general surgical foundation to repair adequately 
the abdominal trauma and to care for the patient postoperatively. 


OPERATIVE TREATMENT 

The principles of the operative treatment of thoracic and abdominal 
lesions have been discussed ably by many authors. We would like, how- 
ever, to briefly present a few points in regard to thoracoceliotomies that 
deserve reiteration or added comment. 

Anesthesia——The importance of a skillful anesthetist has been brought 
out previously.” A thoracoceliotomy is to be avoided in the absence of 
such. A good anesthetist can sustain an inexperienced surgeon better than a 
brilliant surgeon can support an inexpert anesthetist. Endotracheal gas- 
oxygen-ether by the closed system has been our choice for all war injuries 
in which it is contemplated to open either the thoracic or abdominal cavi- 
ties?. 

Incision.—lIf the approach is to be thoracic the incision must be placed 
so as to give maximum exposure. We have found the region of the eighth 
to tenth ribs most advantageous. If the incision is below the level of the 
tenth rib the entire diaphragm cannot be inspected. Should the foreign body 
appear to have injured the posterior or lateral portions of the diaphragm, 
we have used the tenth rib; for central portions of the diaphragm the ninth 
rib; for anterior or medial diaphragmatic segments, the eighth rib. The 
incision is made through the débrided wound if the wound is in the area of 
election, otherwise, a separate incision is made. If the former, meticulous 
wound excision is essential to prevent infection. Adequate exposure is of 
prime importance. It may be obtained either by rib resection or by intercostal 
incision. In one case (Case 3) we were able to dissect the pleura from the 
costophrenic sinus and pack a liver lesion extrapleurally and extraperitoneally. 

Diaphragmatic Repair—The diaphragm can be repaired by many different 
methods. Inasmuch as there have been reports of bile empyemata* on the 
right side and diaphragmatic herniae on the left, it is necessary to repair the 
diaphragmatic defect as securely as possible. In our hands, a two-layer 
closure has been found the most satisfactory. The first layer of sutures is 
so placed as to overlap the two diaphragmatic portions by an imbricating 
suture. The overlapped edge of the diaphragm is then sutured down to the 
underneath segment. If the diaphragm is overlapped two to three centimeters 
a very strong closure is obtained. All sutures are of cotton or silk and all are 
placed interruptedly. This type of repair is seldom possible through an 
abdominal approach. 

In most instances it has been our practice to pinch the phrenic nerve at 
the lower edge of the pericardium. This paralyzes the hemidiaphragm for a 
period of four to six weeks and, thereby, enhances adequate healing. Although 
this procedure has been thought by some’? to be unnecessary, it seems as 
logical to us as to splint an extensive wound of an extremity without fracture, 
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which is admittedly an advisable procedure. We have not noted any untoward 
postoperative pulmonary complications attributable to the diaphragmatic 
paralysis. 

Hepatic Injuries—Any liver lesion that warrants exploration should be 
packed or drained. The pack or drain is brought out subcostally in such a 
manner as to provide dependent drainage. Certain innocent-appearing liver 
perforations may have damaged the larger bile radicals and such cases sub- 
sequently develop bile peritonitis if drainage has not been provided. 

Chest Closure.—Closure of the chest and lung reéxpansion are of basic 
importance in performing a transthoracic procedure. This has been pre- 
viously emphasized by us,°® but will be summarized here. All blood in the 
thoracic cavity is aspirated and the hemithorax then flushed with 2,000 cc. of 
saline. This permits adequate inspection and repair of any pulmonary lesion. 
Furthermore, the incidence of organizing fibrothorax, which has been a prob- 
lem to those in the base sections,!! is probably diminished. Securing apposi- 
tion of the lung and thoracic cage is an important part of the operation. We 
have found that it is most easily obtained in the following manner. As the 
pleural closure is started, the anesthetist gently increases the intrabronchial 
pressure to plus 5 cm. to 10 cm. of water. A No. 22 F. catheter, with at least 
two holes, is inserted into the chest through the pleural sutures and so placed 
as to lie in the uppermost portion of the chest. The suction machine is then 
attached to the catheter after an air vent has been made near the proximal 
end of the catheter. This prevents too much suction, which might damage 
the lung but does provide encouragement toward expansion. The pleural 
closure is then completed. (We often find it helpful in closing the posterior 
aspect of the pleural incision to pull over it the paraspinalis muscles, thus 
reénforcing the pleural suture line). When the pleural repair is completed 
the intrabronchial pressure is increased by the anesthetist to 15 cm. to 20 cm. 
of water. At the same time the surgeon carefully increases the suction on 
the catheter with his finger. A suture is placed around the catheter by the 
assistant and the catheter slowly withdrawn and the suture tied to prevent 
any ingress of air through the defect. 

Chest Drainage.—If it is decided to drain the chest with underwater 
drainage such extensive precautions to obtain lung expansion are not neces- 
sary, as the air will be expelled gradually. In our experience a single posterior 
catheter does not always guarantee such a state of affairs. Two catheters, 
one posteriorly and one anteriorly in the second interspace will give better 
results than a single one. When drainage is not employed the patient must be 
examined frequently and any detectable accumulation of air and/or fluid 
aspirated. We have been pleasantly surprised by the number of times we 
have found it unnecessary to aspirate the chest following closure without 
drainage. In Table I, it will be noted that the average number of chest 
aspirations in the drained cases was 2.3 while in the undrained cases it was 0.8. 

We are aware that the principle of drainage of the pleural space in all 
thoracic war injuries has been accepted and widely practiced. However, 
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difficulties encountered by us in maintaining satisfactory drainage in forward 
medical installations during rush periods of activity led us to revert to our 
former practice of not draining, except in unusual circumstances. The objec- 
tive is complete, early lung expansion. We have more often achieved this 
result without drainage than when drainage was employed. 


POSTOPERATIVE CARE 

It is not necessary to go into the postoperative care of the abdominal 
patient. Three important points in regard to the thoracic phase of thoraco- 
abdominal injuries should be mentioned. The first was noted above, that is, 
removal of all air and fluid in the chest so as to attain complete lung expansion. 
A good rule to follow in this regard is to aspirate daily as long as at least 
100 cc. of air or fluid are obtained. If less than this amount, aspirate every 
other day until the chest is dry and the lung expanded. 

The second problem has to do with pulmonary secretions. It is of utmost 
importance that the tracheobronchial tree be cleared of excessive secretions 
as often as indicated. In many, the trachea and bronchi should be aspirated 
bronchoscopically at the completion of the operation. As all such cases are 
done with endotracheal anesthesia, the anesthetist is experienced in exposing 
the larynx. If he is not already trained in bronchoscopic aspiration it can be 
learned quickly with a few instructions. With such an anesthetist in attend- 
ance it is convenient for him to bronchoscope the patient as soon as the 
intratracheal tube has been removed. This can often be done as the closure of 
the incision is being completed. 

It is our practice to carry out this procedure on all patients who have 
shown evidence of blood or excessive bronchial secretions either preopera- 
tively or during operation. In this series of 29 cases postoperative bronchos- 
copy was deemed necessary in 23 (Table I). 

After the patient returns to the ward he should be carefully observed for 
signs of excessive bronchial material. This is evidenced either by a rattling 
type of respiration or by frequent ineffectual coughs. Whenever such a state 
exists it can be combated by one of two methods: First, supporting the 
patient’s chest so as to make coughing more effectual. (This should be done 
periodically by the nurse in all cases.) Second, should coughing still not 
clear the air-way, the secretions must be removed mechanically. The simplest 
and easiest method is by introducing a catheter into the trachea and aspirating 
the material. The method of introduction of the catheter has been described 
by Haight!” and easily mastered. In the more severe cases, or for those in 
which the catheter is not sufficient, bronchoscopy is indicated. This can be 
performed on the ward, under local anesthesia, without moving the patient from 
his bed. The stimulation to cough by the presence of either the catheter 
or bronchoscopic aspirating tip in the trachea is a powerful one and the 
patient is thereby forced to cough and thus loosen other material beyond 
the reach of the aspirator. The importance of this phase of postoperative 
treatment is such that we believe all members of any thoracic surgical team, 
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surgeon, assistant surgeon and anesthetist, should be competent bronchos- 
copists in order that the benefits of bronchoscopy will be always available. 

The third factor is control of postoperative pain. This is usually not 
severe if the operation has been a thoracoceliotomy and the accompanying 
intercostal nerves have been paralyzed. If discomfort is pronounced it should 
be relieved to encourage full expansion of the chest and permit forceful but 
nonpainful coughing. Such pain is much better controlled at its source by 
paravertebral intercostal nerve block than by resorting to morphine or other 
depressant drugs. A nerve block can readily be done on the ward. It will 
be found to be far more effective and the relief much more prolonged than 
the relief obtained from morphine. Although it seldom is necessary to 
repeat the nerve block, it may be repeated without harmful effects as often 
as necessary. 


RESULTS 

In discussing results in war surgery several factors of great importance 
have to be considered. The time-lag from injury to operation, severity of 
concomitant wounds, and in abdominal injuries. the abdominal viscera involved 
are the more important associated factors. The latter is greatly influenced 
in thoraco-abdominal cases hy the side of the injury. 

It is regretted that a follow-up study of our cases has not been possible. 
Reports that have heen received are noted in Table I. The total mortality 
after a comnlete follow-up may. therefore, be somewhat higher than here 
indicated. Twentv-nine thoraco-abdominal injuries have been operated upon 
by us with six known fatalities. a mortality rate of 20.7 per cent. 

Fatal Cases.—Case 8 died on the third postoperative day, with all the signs 
of uremia (oliguria had been present from the first). At postmortem, a large 
infarct of the left kidney was found, although the kidney was not injured 
by the missile. A report of the microscopic examination has not been received. 
Case 12 died during bronchoscopy at the completion of the operation. It is our 
belief that he died of a “vago-vagal reflex.” It is now our practice to give 
all patients atropine 4 oo gr. intravenously 10 to 15 minutes before bronchos- 
copy. This reflex has not been observed to occur if the patient is either 
deeply anesthetized or fully conscious. It has always occurred in our expe- 
rience when the patient was at the “in between” stage while coming out of 
anesthesia. The third fatality (Case 17), occurred on the third postoperative 
day, due to uremia. Case 19 died of strangulation on the ward three hours 
postoperatively. Postmortem examination revealed no other cause of death. 
Case 23 died on the second postoperative day of a fulminating lobar pneu- 
monia involving the right lower, right middle and left lower lobes. Grossly. 
the process on the right side was older than that on the left. (Operation was 
through the left chest.) The sixth fatality (Case 28). occurred on the oper- 
ating table. The patient had a left thoraco-abdominal injury but an associated 
right pneumothorax presumed to he due to a “blast” injury. Even after 
aspiration of both hemithoraces preoperatively, tracheal aspiration, nerve block 
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and 2,500 cc. of blood and 500 cc. of plasma the blood pressure could not be 
elevated above 85 mm. systolic. Inasmuch as fecal material was pouring out 
the thoracic wound it was believed that the low blood pressure was due to 
gross contamination and operation was undertaken even though a fatal issue 
was contemplated. A catheter attached to a water-seal was introduced into 
the right chest in case it continued to leak air. Left thoracoceliotomy was 
done. The spleen was found injured and, therefore, removed. The jejunum 
was transected and devitalized for a distance of 15 inches. The splenic flexure 
of the colon was transected and lacerated, necessitating resection of ten inches. 
Although another 1,000 cc. of blood was given during operation, his condition 
continued to grow worse and he expired before the operation was completed. 

The deaths of Cases 8 and 17 are attributed to posttraumatic uremia, a 
comparatively frequent cause of death in the severely wounded. Case 23 
died of lobar pneumonia and Case 28 of shock due to gross contamination of 
the abdominal and pleural cavities by fecal material. It is of interest to note 
that the time-lag from injury to operation was eight hours on the average for 
the fatal cases and 11.4 hours for the nonfatal group. This does not mean 
that the time-lag is unimportant but probably indicates that many of the 
more severely wounded die before reaching any medical installation. All 
the cases with severe concomitant wounds survived, which is no doubt due to 
the preoperative preparation plus skillful anesthesia with adequate oxygena- 
tion during a long operation. 

Colon Injuries—Three of the eight cases that had colon injuries suc- 
cumbed (37.5 per cent). In only one, however (Case 28), can it be called 
the primary cause of death. This group is too small to be of statistical im- 
portance but it compares favorably with mortality rates for colon injuries 
reported by Jarvis,* 49 per cent of 107, Hurt,®? 47.2 per cent of 286, and 
Ogilvie,1® 58 per cent of 107 cases. 

Side of Injury.—It has been recognized that left-sided thoraco-abdominal 
lesions are apt to be more hazardous than right-sided ones, as the liver is 
often the only abdominal organ involved when the missile stays in the right 
upper quadrant. Our only fatality in right-sided cases was the one (Case 19) 
that died of strangulation. Five of the 18 left-sided ones died. Thus, if the 
one bilateral case is included in the right-sided group (the liver was the only 
abdominal organ injured) the mortality for right-sided lesions is 9.1 per 
cent while the rate for the 18 left-sided cases is 27.1 per cent. 

Shefts, et al.,1* another thoracic surgical team, are to report shortly on 
their series of thoraco-abdominal lesions. Most of their cases were done in 
an evacuation hospital and the right-sided lesions predominate. At the present 
time,® they have done 47 cases, of which 30 were on the right and 14 on the 
left, and three were bilateral. Eight cases died, a mortality of 17.0 per cent. 
The mortality rate for each side is not available at present. 

Number of Abdominal Organs Injured.—Sanger™ recently reported on 
100 thoraco-abdominal cases operated upon in an evacuation hospital. He 
pointed out the marked difference in mortality for those cases with only one 
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abdominal viscus injured (probably mostly right-sided cases) as compared 
with those having two or more organs involved. He found that of the 
51 cases with one organ seven died, or 13.7 per cent, while 20 of the 35 with 
two or more organs ended fatally, a rate of 57.1 per cent. Our series shows 
one death in 15, or 6.6 per cent, for one abdominal viscus, and five deaths in 
14 for two or more abdominal organs, a rate of 35.7 per cent. 

ComMENT.—Although it is ill-advised to draw conclusions from such a 
small series of cases, and at such an early date, if we are to learn about war 
surgery and put the lessons to use in time to save soldiers’ lives we must 
arrive at working impressions as early as possible. Recent published reports 
of other series of thoraco-abdominal injuries are not available to us. How- 
ever, it seems justifiable on the basis of 76 cases (our own and Shefts,® both 
thoracic surgical teams of the same auxiliary surgical group), to indicate 
what we believe can be learned from this series. 

1. An expert physician anesthetist is invaluable for the proper function of 
a thoracic surgical team functioning in a first-priority surgical hospital and, 
as far as possible, thoraco-abdominal wounds should be cared for by a team 
whose anesthetist is experienced in the administration of intratracheal 
anesthesia. 

2. Fatalities occur but rarely on the operating table. The complications 
and difficulties encountered postoperatively, as observed in our own cases 
and in those seen in consultation for other surgeons, have, in the vast majority, 
been pulmonary in character. They often tax the resourcefulness and in- 
genuity of one experienced in thoracic surgery. Every thoraco-abdominal 
case may need either tracheal aspiration by a catheter or bronchoscopy during 
some stage of his postoperative course. General surgeons or their anesthetists, 
as a rule, are unfamiliar with, or do not carry out, these measures sufficiently 
often. 

3. Pulmonary reéxpansion after a thoracic operation is of utmost impor- 
tance. Simply draining the pleura with an underwater-seal will not guaran- 
tee reéxpansion. The objective of complete lung expansion must be pursued 
vigorously until the end is attained, whether or not the chest has been drained 
at operation. 

4. It has been our impression, borne out by this series, that the prolonga- 
tion of the time-interval by two to three hours from injury to operation is 
not as significant in respect to mortality as are the factors of proper anesthesia 
and postoperative care. If it is necessary to transport such patients to hos- 
pitals staffed with personnel qualified to accomplish these requirements this 
increase in time-interval will be well compensated by a decreased mor- 
tality rate. 


SUMMARY 


Thirty-one thoraco-abdominal injuries treated by a thoracic surgical 
team of an auxiliary surgical group during the Italian Campaign have been 
presented. 
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Of the 29 operated cases, six died. The causes of death have been discussed. 

The approach, whether transthoracic, abdominal, or both, has been 
presented with the various advantages and indications for each. 

Certain steps in the operative care, including the method of diaphragmatic 
closure, have been described. 

The importance of complete lung expansion and removal of excessive 
pulmonary secretions postoperatively has been emphasized. It is advisable 
that at least one, and preferably all members of any surgical team caring 
for thoraco-abdominal injuries should be competent bronchoscopists. 

It is suggested that medical installations caring for such patients be staffed 
by well-qualified anesthetists and surgeons with thoracic surgical experience. 
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ANESTHESIA FOR MEN WOUNDED IN BATTLE 
Lr. Cot. Henry K. Bercuer, M.C., A.U.S. 


CONSULTANT IN ANESTHESIA AND RESUSCITATION, 


MEDITERRANEAN THEATER OF OPERATIONS 


ADVANCES IN SURGERY in the 30 years since the start of World War | 
have in a number of cases been made possible by progress in the field of 
anesthesia. This progress has required acceptance of the view that surgery 
acceptable by the standards of 1945, cannot be achieved if anesthesia equip- 
ment and technics and personnel are limited to those of 1914. An attempt 
will be made here to sift out the anesthesia procedures found to be practicable 
under the circumstances of warfare and necessary for the best military surgery, 
surgery unrestricted by anesthesia. 

Intravenous anesthesia, sodium pentothal, has had its first significant trial 
in military medicine in the present conflict. The technic is admirably suited 
to the needs of warfare ; but the extravagant statements made for and against 
it, above all its newness in military medicine, all suggest the desirability of a 
fuller discussion of this agent, than of the others employed. This has been 
undertaken. 

This report is based upon experience in the Mediterranean Theater of 
Operations. It has been made possible by the wholehearted codperation of 
the anesthetists of the Theater. 


ANESTHESIA AGENTS AND TECHNICS IN THE COMBAT ZONE 
Some Limiting Factors 


A number of factors here are of enough importance to limit considerably 
one’s freedom of choice. Mobility of equipment and availability of supplies: 
Even the 400 bed evacuation hospitals on occasion have to dispose of their 
patients, tear down their equipment, move many miles over difficult, congested 
roads, set-up and be ready to receive patients about 24 hours after the first 
notification of the move. The rough handling inevitable if such speed is to 
be obtained means that complicated gas machines often become so battered that 
they leak and lose their serviceability. The premium to be placed on simple 
durable equipment is evident. The problems arising from interruption of 
supply and constantly changing supply routes soon convinces the most 
enthusiastic anesthetist that he had better get along, if need be, with a few 
agents that can be transported by hand* or administered by improvised equip- 





*It must be recognized that for some types of surgery a satisfactory survival rate 
cannot be obtained unless a closed anesthesia apparatus is provided which will permit 
the administration of positive pressure anesthesia, notably in open thoracic surgery. As 
a result of the codperation of the Surgeon-General, 50 of the small transportable anesthesia 
outfits described by Beecher (an easily transportable apparatus for anesthesia with or with- 
out compressed oxygen, War Medicine 2, 602, 1942) were obtained and tried out. The 
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ment. These are adequate reasons for the frequent limitation of anesthesia 
agents in the forward zone to ether, sodium pentothal and procaine hydro- 
chloride. Problems of personnel will be discussed in more detail later, but 
it can be mentioned, in passing, here that they, too, offer some arguments for 
this simplification. Observe, for example, the section on personnel, where 
it is pointed out that a third of the Theater’s physician “specialists” in anes- 
thesia had had only three months or less special training. 

While it was necessary to press into service a good many men who had 
had little special preparation in anesthesia, these men have rendered a superb 
service in which earnest application to the job to be done has gone far to 
override limited training in the field. 


PREPARATION OF THE PATIENTS FOR SURGERY 


This is an important matter and has been discussed in detail elsewhere.! 
It is customary in a report of this kind to discuss preanesthetic medication. 
This has been done so frequently by various writers in the past little more 
needs to be said on the subject. In the opinion of the writer, based upon first- 
hand experience on the Cassino front and at the Anzio Beachhead, the 
seriously wounded need very little preanesthetic medication. The use of 
morphine had better in most cases be avoided, except when needed for the 
relief of severe pain. As pointed out elsewhere,” when the peripheral circu- 
lation is poor as in chilled or shocked patients, morphine previously admin- 
istered may or may not have been absorbed from subcutaneous deposits. With 
resuscitation and later with the peripheral vasodilation associated with ether 
anesthesia, the injections of morphine may be rapidly taken up into the blood 
and poisoning appear. In any case, the use of morphine is not necessary as 
a routine in these patients. Atropin is important to cut down the flow of 
mucus under ether and also as described in the section on pentothal anesthesia. 

Intratracheal intubation under general anesthesia is desirable for intra- 
cranial, maxillofacial, thoracic (pleural involvement) and abdominal surgery 
and in other cases where the position of the patient makes it difficult to main- 
tain a good air-way, and finally when the operation promises to exceed an 
hour or so. 

While preparation of badly wounded patients for surgery should include 
check on the availability of a bronchoscope, the routine use of this, even in 
open thoracic cases, is undesirable for the following reasons: The air-way 





manufacture of these is relatively simple and rapid and the use of critical materials rests 
at a minimum. Light (14 lbs. boxed), simple, and durable, having few parts there is 
little to get out of order and few opportunities for leaks. The apparatus takes up little 
space in crowded operating tents and is easily transportable by hand. Its safe use is 
much more easily and quickly mastered by inexperienced anesthetists than is true of the 
more complex apparatus provided. Use of the apparatus in the combat zone established 
that it was adequate for the most complicated types of thoracic surgery, as well as for 
any inhalation anesthesia. The apparatus is also readily available for oxygen therapy or 
artificial respiration. 
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should, if necessary, be kept clean by means of frequent aspiration of the 
trachea through a catheter. Use of the bronchoscope at the end of operation 
involves one of three things, all undesirable: If the bronchoscope is to be 
introduced at this time either the anesthesia must be maintained at a deep level 
for an undesirably long time, or it must be deepened with possible harm to 
the patient at the end of a trying operation when the condition of the patient 
may be poor, or topical anesthesia must be used. In this case, if the patient 
vomits on recovery from the general anesthesia he is almost certain to 
aspirate vomitus through his locally anesthetized air-way. 


TABLE I 
SAMPLE DISTRIBUTION OF ANESTHETICS FOUND IN FORWARD AND REAR AREAS 


(Based on Tunisian and Sicilian Campaigns, from June to September, 1943. Compare with Table 11) 


Percentages are 


Based upon the Inhalation Intravenous Spinal Local 
Following (Ether (Sodium (Procaine HCl (Procaine HCl 

Area Number ofCases Chiefly) Pentothal) Chiefly) Chiefly) 
Forward: 1,104 18.0% 53.2% 19.8% 9.0% 

Field Hospitals 

Evacuation Hospitals 
Rear: 5,279 14.3% 27.7% 38.2% 19.7% 

Station Hospitals 

General Hospitals 

TABLE II 


SAMPLE DISTRIBUTION OF ANESTHETICS CURRENTLY FOUND IN FORWARD AND REAR AREAS 


(Collected January through August, 1944, for comparison with Table 1) 





Percentages Inhalation Intra- Spinal Local Regional 
are Based upon ————~_. venous - oo 
this Number of Open Closed Nitrous Chloro- (Sodium All 3 Chiefly Avertin Com- 
Area Cases Ether Ether* Oxide form Pentothal) Procaine HCl Basal binedt 
Forward: 10,734 11.6% 8.7% 3.0% 13.4% 0.7% 
Field Hospitals (20.3%) 62.6%t 
Evacuation 
Hospitals 
Rear: 9,180 2.6% 5.9% 0.2% 0.1% 48.1% 15.0% 20.4% 2.2% 0.1% 5.4% 
Station (8.8%) 
Hospitals 
General 
Hospitals 


* Includes those with nitrous oxide induction. 

t Agents are listed as ‘‘combined”’ when two or more agents are both used for prolonged anesthesia. This 
classification does not include brief induction of one agent by another, nor “basal avertin.”’ 

} In the forward area, the use of sodium pentothal is almost entirely limited to the evacuation hospitals. 
It is rarely used in the field hospitals where the nontransportable type of patient is cared for. It provides 
for practically all of the anesthesia for major cases in field hospitals. 


INHALATION ANESTHESIA 


Ethyl chloride or chloroform have been used so infrequently in this 
Theater (for incidence of use, see Tables II and III) as to merit little com- 
ment. It has been suggested that chloroform in small ampoules be used by 
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nonmedical personnel to overcome wounded manic individuals in burning tanks 
so that they might more easily be removed through the narrow escape hatch. 
So far as the writer knows the agent has not been used for this purpose in 
this Theater. With the other agents now available it is difficult to find any 
legitimate anesthetic use for chloroform, except in the rare circumstances 
where sodium pentothal, nitrous oxide, or local procaine are not adequate 
and when use of a noninflammable agent is imperative. The effects of the 
agent are such that there can be even less excuse for using it in men wounded 
in battle than in nontraumatic civilian practice where the agent has been 


TABLE III 
SAMPLE DISTRIBUTION OF ANESTHETICS FOUND IN FORWARD AND REAR AREAS 
These data overlap those of Tables I and II as far as time of collection goes, and show transition between early and 


current (Table II) practices. They are included here because they are based upon a larger volume of material than 
are Tables I and II 





Percentages 
are Based Inhalation Intra- Spinal Local Regional 
upon this——-_~-_. venous A ~ 
Number Open Closed Nitrous Ethyl Chloro- (Sodium All 3 Chiefly Avertin Com- 
Area of Cases Ether Ether* Oxide Chl. form Pentothal) Procaine HCl Basal _binedt 
Forward: 19,464 9.7% 7.2% 0.2% 0.02% 62.3% 6.0% 13.0% 1.3% 0 0.4% 
Field (17.1% 
Hospitals 
Evacuation 
Hospitals 
Rear: 21,598 2.9% 6.5% 0.7% 0.2% 0.04% 38.3% 23.3% 19.8% 4.6% 0.1% 3.7% 
Station (10.3%) 
Hospitals 
General 
Hospitals 


* Includes those with nitrous oxide induction. 
+ Agents are listed as ‘‘combined’’ when two or more agents are both used for prolonged anesthesia. This 
does not include brief induction of one agent bv another, nor ‘‘basal avertin”’. 


adequately discredited for many years. Ethyl chloride, because of its easy 
transportability and rapid transient action, has had a little use as an inducing 
agent or for use to dull the pain of brief procedures. 

Cyclopropane or ethylene have not been issued to the American Army in 
this Theater. 

Nitrous oxide, when available, is useful for minor surgical procedures 
(painful changes of dressings), supplement of other forms of anesthesia 
(notably 50 per cent nitrous oxide with 50 per cent oxygen to add to the 
effect of sodium pentothal) and induction of ether anesthesia. While nitrous 
oxide is useful its value by no means ranks with that of the important three: 
ether, sodium pentothal, and procaine hydrochloride. The straight induction 
of ether is remarkably easy and apparently not unpleasant in the badly 
wounded, whether by open-drop or better by closed machine with oxygen. The 
use of nitrous oxide is convenient when available but is not indispensable. 

Ether is the choice in the seriously wounded. This is true whether the 
seriousness of the wounds depends upon widespread tissue destruction, pene- 
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tration of important body cavities or is due to severe hemorrhage through 
otherwise trivial wounds. When surgery must be undertaken in patients 
in shock or when shock is impending, it has been clearly demonstrated that 
ether is the best tolerated of any of the available agents. Ether is now so 
widely recognized as the most desirable agent for use in the seriously wounded, 
its corresponding merit is evident for patients who are less badly off. It pro- 
vides for practically all of the anesthesia for major cases in field hospitals. 

Early practice in the Theater was to use ether too little. The 2 per cent 
increase (cf. Tables I and II) in the forward hospitals in the use of ether 
over the past year is of doubtful significance. Not adequately shown by the 
type of table presented is the increased use of ether in the numerically rela- 
tively small but surgically important group that includes wounds of the 
abdomen, the thorax and compound fractures of the femur. 


INTRAVENOUS ANESTHESIA 


Perhaps the best way to approach the problem will be delibetately to 
reverse the usual order of discussion and present first some of the end-results* 
of the use of this agent as found in the survey of September, 1943, as 
contrasted with the survey made a year later (September, 1944), for this 
approach will make clear the reasons for some of the decisions made regard- 
ing this anesthetic agent. 

Background.—At the time of the first survey, September, 1943, deaths 
from sodium pentothal were so common, not only as shown in the sample 
data in Table VI but throughout the Theater, both before and after this survey, 
that the question was raised of abandoning the agent. Moreover, experience 
here was then in line with reports arising from use of the agent at Pearl 
Harbor. But examination of the deaths that had occurred here indicated 
that two correctable factors were present: (a) Its frequent use by completely 
inexperienced individuals. (‘‘You need only to be able to hit a vein to be an 
anesthetist these days”); and (b) its use in cases where actually contra- 
indicated. Because of the unquestionable advantages of the agent in warfare, 
the decision was made to continue its use, at the same time taking measures 
to correct (a) and (b). 

The simplicity with which pentothal anesthesia can be made available, 
particularly the compactness and the simplicity of the necessary equipment, 
the ease with which smooth induction can be produced even by the inexperi- 
enced, the usual prompt awakening of the patient, the infrequency of 
unpleasant after effects, the number of cases an inexperienced man can “‘get 








*In Tables V and VI, and occasionally here in the text, the phrase “death rate” 
has been used for brevity. This has been placed in quotation marks to give it a special 
significance. Obviously one cannot speak of rate in a precise mathematical sense when, 
as in Table VI, two deaths occurred in 11,000 cases; yet a year previously, in a quarter 
as many cases, three times as many deaths had occurred. This 12-fold difference indi- 
cates that a real change for the better had taken place. So the data will be set down in 
this way to suggest order of magnitude, nothing more. 
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away with” even though his actual death rate may be unreasonably high in 
comparison with what it should be—all of these factors have tended to out- 
weigh the fact that pentothal is a powerful tool, that overdosage is not always 
easy to overcome, that sodium pentothal’s use is incompatible with certain 
types of injury, and that its fatal dose varies extremely widely from one 
patient to another. 


TABLE IV 
DISTRIBUTION OF SURGERY IN THE TWO AREAS 


Chief Region Requiring Surgery 


madling 





—, 


Percentages are Ex- Central Ear, 
Based upon this tremi- Inguinal Nervous Misc. Misc. Nose, 
Area Number of Cases ties Abdomen Hernia Thorax System (Major) (Minor) Throat 
Forward: 9,199 28.0% 7.0% 0.5% 3.1% 1.7% 2.8% 56.3% 0.6% 
Field Hospitals 
Evacuation Hospitals 
Rear: 11,261 13.4% 6.5% 1.6% 0.8% 1.4% 2.9% 71.4% 231% 
Station Hospitals 
General Hospitals 
TABLE V 


TO COMPARE TOTAL ANESTHESIA “DEATH RATE’ OF SEPTEMBER, 1943, WITH THAT OF SEPTEMBER, 1944 


Number of Total Number Total Number Over-all Anesthesia 
Institutions Included of Anesthesias of Anesthesia “Death Rate” 
Time of Survey in Survey in the Sample Deaths* (Round Numbers) 
September, 1943...... oe 12 7,650 8 1:1,000 
September, 1944.......... 10 19,914 4 1:5,000 


* What constitutes an anesthesia death can in most cases be argued over, Cases were described as ‘‘anesthesia 
deaths” in this study when they occurred without adequate explanation in the condition of the patient or in the 
surgery involved and followed a pattern known to be characteristic of the given agent. In several of these cases, 
death occurred unexpectedly either before surgery had started or very soon after its beginning. The same 
criteria were used in the two surveys made a year apart. 


Notes on the Use of Sodium Pentothal_—While the action of this agent 
cannot be discussed in detail here, those employing it should, for safety, be 
aware that among other effects pentothal (as do all barbiturates) destroys 
the sensitivity of the respiratory center*® to its normal chief stimulus, carbon 
dioxide. Under full pentothal anesthesia the body has to make use of a 
supplementary mechanism in order to keep respiration going. To maintain 
it, a shift is made from the normal driving action of carbon dioxide acting 
on the respiratory center to the action of anoxia on the chemoreceptors, 
chiefly the carotid mechanisms in the neck. Anoxia will stimulate respiration 
just as powerfully under deep pentothal anesthesia as it will under light 
anesthesia. Thus, the uninformed anesthetist may believe that respiratory 
stimulation under pentothal means that the patient is waking up, whereas, it 
may simply mean that the patient is not getting enough oxygen. A wrong 
interpretation, here, leading to the further administration of sodium pentothal, 
has probably caused deaths. In other words, the true depth of pentothal 
anesthesia may be impossible to determine when the oxygen content of the 
blood is low. For safety, certainly whenever the operation exceeds a half- 
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hour, oxygen ought always to be administered with pentothal, for, when the 
patient’s oxygenation is normal, the character of the respiration is a helpful 
guide as to the depth of anesthesia. When the patient’s oxygenation is below 
normal the character of the respiration may be fatally misleading. 


TABLE VI 
TO COMPARE PENTOTHAL “DEATH RATE”’ OF SEPTEMBER, 1943, WITH THAT OF SEPTEMBER, 1944 
Number of Total Number of Total Number Over-all Pentothal 
Institutions Pentothal Anesthesias of Pentothal “Death Rate” 
Time of Survey Included in Survey in Sample Deaths (Round Numbers) 
September, 1943.......... 12 2,672 6 1:450 
September, 1944.......... 10 11,136 z 1:5,500 
TABLE VII 


ALTHOUGH GREAT IMPROVEMENT HAS BEEN MADE IN ANESTHESIA “DEATH RATE’ THIS HAS NOT BEEN AT THE 
EXPENSE OF ABANDONING PENTOTHAL, RATHER ITS USE HAS INCREASED 





Forward Rear 
Field and Evacuation Hospitals Station and General Hospitals 
Time of Survey Number % of Total Number % of Total 
September, 1943.......... 2,500 53% 1,462 28% 
September, 1944.......... 6,721 62% 4,415 48%* 


* This great increase is in large part to be explained by the adoption of the practice of secondary suture of 
wounds. Pentothal approaches the ideal anesthetic for this procedure. 


Not only does the’respiratory center lose its sensitivity to carbon dioxide 
under full pentothal anesthesia, but under such circumstances carbon dioxide 
becomes a true depressant. It is clear that the use of carbon dioxide to 
stimulate respiration depressed by too much pentothal is contraindicated. 

Acceptable practice in the employment of sodium pentothal includes the 
use of 2.5 per cent solution, routine administration of oxygen, and frequent 
observation of pulse and blood pressure during anesthesia. In general, 
pentothal anesthesia is not the best choice for operations that will exceed a 
half to three-quarters of an hour in duration. If the duration of a given 
operation unexpectedly turns out to be longer than this, it is almost always 
well to shift to ether anesthesia. 

It is probable that the course of pentothal anesthesia can be considerably 
influenced by the preanesthetic medication. There are many controversies 
concerning this. Morphine may or may not be used. Very likely preliminary 
morphine can lessen the total quantity of pentothal needed for a given pro- 
cedure. Whether or not too high a price may be paid for this advantage is 
not certain at this time. (Does morphine heighten the activity of the occa- 
sionally troublesome laryngeal reflexes? Does morphine in reasonable dose 
play a part in the long depressions sometimes encountered following the use 
of pentothal?—efc.). It has been demonstrated that the supplement of 
pentothal anesthesia by inhalation of 50 per cent nitrous oxide with 50 per 
cent oxygen can reduce the dose of sodium pentothal required, probably a 
better means of accomplishing the desired end than by use of morphine. 
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Of considerably more importance than morphine in preliminary medication 
for pentothal anesthesia is atropin. Its purpose is to minimize vagal reflexes. 
Atropin 0.6 mg. (gr. 1/100), subcutaneously, should be given about one hour 
preceding induction of pentothal anesthesia, with half the dose of atropin 
repeated intravenously just before anesthesia is started. During periods of 
heavy admission of patients, there will not be time for the above and atropin 
0.6 mg. (gr. 1/100) intravenously, about Io minutes preceding anesthesia is 
satisfactory. (In the presence of severe tachycardia atropin is avoided). 
When laryngeal spasm occurs during pentothal anesthesia, atropin, 0.6 mg. 
(gr. 1/100), should be given intravenously as soon as possible, even though 
the same dose has been administered in preanesthetic medication shortly 
before this. ; 

The Clinical Choice of Pentothal Anesthesia.—Changes here, effected 
over the Theater as a whole, have been of great importance in the reduction 
of the frequency of death under pentothal anesthesia (Table VI). 

Sodium pentothal is of proven value in military medicine, of that we can 
be certain. Equally certain it is that the choice of pentothal is unwise, in 
the long run, in the presence of certain injuries: 

(A) When the patient is suffering from morphine overdose avoid the use 
of sodium pentothal. 

(B) When shock is present, or when shock is anticipated, avoid pentothal 
anesthesia. This should also be the case whenever the:intake or distribution 
of oxygen is impaired or even jeopardized. The agent should rarely if ever 
be used when penetrating wounds of the thorax or the abdomen, or compound 
fractures of the femur are present. Severe hemorrhage, even when from 
otherwise trivial wounds, contraindicates pentothal anesthesia. Ether is the 
choice when these conditions are present. 

(C) Sodium pentothal is a dangerous agent to use when cervical inflam- 
mation is present. Many deaths have occurred during surgery here. Appar- 
ently, inflammation in the region of the carotid bodies and sinuses causes 
sensitization of reflexes arising there. These may account for the notorious 
incidence of sudden death under such circumstances. Since pentothal (and 
other barbiturates) are not very effective in depressing these reflexes its choice 
should be avoided in most cases of this kind. Rarely, as in cases where 
compound fractures of the face may also be present and make inhalation 
anesthesia difficult sodium pentothal is sometimes the reasonable choice for 
the surgery of cervical abscess. When this is to be undertaken, the following 
precautions are to be observed: (1) Use heavy atropinization in the pre- 
anesthetic medication. (2) No surgery is to begin in cases with irritable 
carotid sinus until at least ten minutes following induction of pentothal anes- 
thesia. (3) Avoid pressure on the carotids. If feasible, block them with 
local anesthesia. 

(D) Sodium pentothal is not a good choice of anesthetic to make when 
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gas gangrene is present, for the toxins elaborated in this disease produce severe 
circulatory damage. Such damage contraindicates use of the agent.* 

So far, groups of cases have been discussed where pentothal anesthesia is 
contraindicated. In the following, the use of pentothal may at times be 
debatable ; but it is usually unwise: 

(A) In general, pentothal should be avoided when the operative position 
or procedure may interfere with the air-way or make artificial respiration 
difficult, as in operations that must be carried out in the face-down position, 
or in operations on maxillofacial injuries involving the air-way. If local 
anesthesia is inadequate, often the case, ether can be used, preferably with 
intratracheal intubation. 

(B) While skillful (or lucky) anesthetists may often get away with the 
use of pentothal as the chief anesthetic agent for intracranial surgery, its 
employment here is usually unwise for the following reasons: (1) Such 
operations are long.t Pentothal anesthesia is best limited to short, half-hour, 
procedures. (2) Neurosurgical operations are usually associated with great 
blood loss, often a liter or more by actual measurement. Extensive blood loss 
contraindicates the use of sodium pentothal. (3) Sodium pentothal often 
unexpectedly causes respiratory depression and anoxia. Anoxia produces 
immediate swelling of the brain and may make an intracranial procedure 
difficult or impossible. The hiccoughing, laryngeal spasm, and straining occa- 
sionally encountered under this agent or during recovery from it are particu- 
larly undesirable in intracranial surgery. Local procaine or ether is the best 
available choice in most of these cases. 

(C) Experience with severe burns appears to show that such patients 
tolerate pentothal anesthesia poorly. Why this is so is not clear. (Perhaps 
the rather poor tolerance of these patients for pentothal is to be explained as 
a result of the great reduction of circulating blood volume in burns, with 
consequent circulatory impairment, in this respect like the effect of hemor- 
rhage, known to contraindicate pentothal.) 

The great field where pentothal has proved its value in military medicine, 
is in providing anesthesia, when relaxation is not needed, for short (half-hour) 
procedures in men in good general condition. 


LOCAL AND REGIONAL BLOCK ANESTHESIA 


These are accomplished chiefly with procaine hydrochloride (pontocaine 





* While it is true that the skin temperature of an extremity rises under anesthesia 
with sodium pentothal, this may be the result of an effect on arteriovenous anastomoses, 
and does not necessarily imply a better cellular oxygen supply. Polderman, McCarrell 
and Beecher (The Effect of Anesthesia on Lymph Flow. Jour. Pharmacol. and Exper. 
Therap., 78, 400, 1943) have shown that the lymph flow is greatly reduced by barbiturate 
anesthesia, in comparison with local or ether anesthesia. This can be construed as evi- 
dence that tissue oxygen supply is impaired by barbiturate anesthesia, certainly to be 
avoided in gas gangrene. 

+ Twenty typical craniotomies performed in the combat zone required on the average 
109+II minutes (not including anesthesia induction time). 
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or cocaine for topical anesthesia) for neurosurgical, some maxillofacial and 
for minor surgical procedures. Peritoneal block under direct vision is useful 
for improving abdominal wall relaxation under light ether anesthesia. Because 
of the usual multiplicity of wounds in a given individual, regional block 
procedures are often of little value in the combat zone. Notable exceptions 
here are paravertebral or intercostal blocks for controlling chest wall pain 
and sympathetic blocks when the circulation of an extremity is impaired. 





TABLE VIII 
EVACUATION HOSPITALS 
Fluctuation in Anesthetiste 
Number of A - = 
Number of Operations Per Auxiliary 
Capacity Patientsat Day at Time Surg. Corps 
Hospital Listed Timeof Survey of Survey M.D. Nurse GP. Men Miscellaneous 
“A” 750 800 25-100 1 2 0 4 plus 3 7 tables in day 
more on 4 tables at night 
2nd call 
i 400 600 25-120 2 3 3 2 6 tables day and 
night 
as 750 50-100 1 4 4 2 8 tables day and 
night 
(1 physician and 5 nurses care for 50-case days; the 100-case 
days require the addition of 4 auxiliary surgical group 
anesthetists) 
“3” 400 550 60-138 2 t 4 1 
(See above re-addition of auxiliary surgical group anesthe. 
tists) 
"—_" 400 500 50-125 1 4 0 
(with 6 intern- (125-case days require the addition of 6 internists and 2 
ists—2 auxili- auxiliary surgical anesthetists) 
ary teams) 
“—" 750 400 80-120 1 4 0 0 6-8 tables 
(1 dentist— 24-hours day 


4 internists) (The 120-case days require the added help of 1 dentist and 
4 internists as anesthetists) 


SPINAL ANESTHESIA 


The 20 per cent incidence of spinal anesthesia found in forward hospitals 
in the survey of September, 1943 (Table I) fell remarkably down to 3 per 
cent (Table II) a year later, and reflects the widespread realization and 
acceptance of the clearly demonstrated fact that spinal anesthesia is usually a 
poor choice for use in recently wounded men: The condition of the circula- 
tion, already precarious, too often deteriorates rapidly under spinal anesthesia. 
It is almost never acceptable for the initial surgery of battle casualties. This 
is of course true for the surgery of fresh trauma wherever it occurs. The 
current 3 per cent figure referred to as found in the forward zone represents, 
in considerable part, use of the technic for emergency appendicectomy and 
other conditions unrelated to warfare. Only occasionally can one find in 
this Theater an experienced surgeon, or anesthetist, who will now recommend 
the use of spinal in even the lightly, but freshly, wounded. This represents 
a striking change over the situation existing a year and a half previously. 
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TYPE OF SURGERY INVOLVED 

An intelligent interpretation of anesthesia data requires that some key be 
given to the nature of the surgery involved. Such data have been presented 
in Table IV. Special groups, for example the Second Auxiliary Surgical 
Group, having a wide experience of forward surgery, particularly of non- 
transportable, field hospital patients, finds a higher incidence in certain cate- 
gories than shown in Table IV. Major Lawrence M. Shefts has kindly 
supplied the writer with the following figures from his study of the files of 
the group referred to: In 15,925 cases, 1,628 (10.2 per cent) were classified 
as abdominal injuries, 1,502 (9.4 per cent) as chest cases with pleural involve- 
ment, and 508 (3.8 per cent) as thoraco-abdominal. The 1,628 cases listed 
as abdominal contain some “negative explorations” ; so, as Major Shefts points 
out, the thoracic cases may be said to be as frequent as abdominal in this 
organization’s experience. The combined total of chest and thoraco-abdominal 
cases exceeds abdominal alone. 


PERSONNEL 


The beginning of the present war found the country with too small a 
number of trained anesthetists and the Army Medical Corps, reflecting as it 
does a cross-section of American medical practice, shows this same shortage. 
For example in this Theater, of the men listed in the personnel files as 
“specialists in anesthesia,” just 10 per cent have been certified by the Amer- 
ican Board of Anesthesiology. Of the physician anesthetists in the Theater, 
20 per cent had had no anesthesia training, except that obtained incidentally 
during surgical or rotating internships and a further 15 per cent had had only 
one to three months training in anesthesia. 

The total number of physicians available for assignment to anesthesia was 
so small as to require the widespread use of nurse anesthetists for ether 
and sodium pentothal anesthesia. In a few cases corps men were needed and 
used to supplement the anesthesia staff in the forward areas. These men 
worked under close supervision. 

Possibly more than any other single unpreventable factor the constant 
shortage of trained anesthetists was responsible for delay or threatened delay 
in carrying out needed surgery. While instances when shortage of anes- 
thetists has seriously slowed down the flow of patients to surgery are rela- 
tively few, this was a constant and uncomfortable threat to those responsible 
for the care of the patients. That serious shortage was not more common 
was due to the voluntary aid of dentists, the assignment of internists to 
anesthesia duties and most important, the constant training of nurses in this 
work. Four general hospitals were employed for this purpose where courses 
up to three months were given, depending upon how long the students could 
be spared from their respective units. This was in addition to training given 
throughout the Theater in each unit for the training of its own members. 
The general hospitals, having more minor cases, were better suited than the 
forward installations for such supervised training. 
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The following tables (VI, VII, VIII) give typical sample data showing 
the personnel used in relationship to the load in various installations. An 
important group not represented in the tables is that of the field hospitals, these 
(for nontransportable patients), with their 100 bed capacity per platoon, 
usually are staffed with four mobile surgical auxiliary teams each of which 
includes an anesthetist, in most cases a physician. Two operating tables can 
be used day and night. Sometimes three or four operating tables are used 
at one time in a single platoon, but this number only for short intervals. 


TABLE IX 


STATION HOSPITALS 


Number of Aver. No. 


Patients Operations Number 
Capacity at Time Per Day at of Nurse 
Hospital Listed of Survey Timeof Survey Anesthetists Miscellaneous Anesthetists 
ox’. as 250 348 3 1 Surgeons give spinals. 
One physician on part-time anesthesia duty 
a: 500. 250 5 1 A part-time physician anesthetist also has 
a ward 
a eg 500 400 4 2 
“os * 500 3 1 3 surgeons assist with anesthesia part-time 
“— 500 389 6.5 0 Medical officers take turns 
— 250 490 15 3 
G" 500 625 4.5 0 1 full-time physician anesthetist. 
4 surgeons cover anesthesia on a part-time 
basis 
TABLE X 
GENERAL HOSPITALS 
Number of Aver. No. 
Patients Operations 
Capacity at Time Per Day at Physician Nurse 
Hospital Listed of Surgery TimeofSurvey Anesthetists Anesthetists Miscellaneous 
“_” 1,500 900 10 1 2 2 anesthesia utility men help 
out with apparatus (do not 
give anesthesia) 
“6. 1,500 1,700 50 1 6 
~~ 1,500 25 1 3 
a oes 1,500 1,000 10 1 2 1-2 internists help when 
needed 
= 1,500 950 13 1 3 


As a working principle it is always better to give the ablest anesthetists 
assignment in the combat zone. Unquestionably, it is here that the greatest 
demands are made on native intelligence, judgment, resourcefulness and 
technical ability. Often in practice, however, this principle could not be 
put into operation, because of the association of outstanding men with affiliated 
units having their origin in various schools or hospitals. These men could 
not be readily transferred. In several instances their unusual abilities were 
utilized for training anesthetists to be sent to the forward areas. It is probably 
true that the surgery undertaken in the rear (station and general hospitals) 
requires at least as much judgment, skill and training as that of the forward 
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zone, but the anesthetist’s skill is certainly more heavily taxed in the forward 
region than in the rear. 


SUMMARY AND CONCLUSIONS 


In the prolonged campaigns that have been carried out in the Mediterranean 
Theater of Operations, ether has clearly emerged as the anesthetic agent of 
choice for use in the seriously wounded. Its corresponding merit in the less 
trying cases is evident. 

Acceptance of the limitations of sodium pentothal, that is, avoidance of 
its use in recently badly wounded men and employment of it when relaxation 
is not needed, for relatively short procedures in men in good general con- 
dition, has made possible great reduction in the death rate attributable to the 
agent. At the same time its use has been increased. This demonstration, 
made possible by the anesthetists and surgeons of the Theater, constitutes a 
milestone in military medicine; for the agent, sodium pentothal, has been 
employed in warfare, its limitations for this purpose clearly defined, and on 
this basis the death rate reduced to a small fraction of what it had been. 
Sodium pentothal, thus, takes rank with ether and procaine (novocaine) as 
one of the three most important anesthetic agents for use in military medicine. 
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MUCO-EPIDERMOID TUMORS OF SALIVARY GLANDS 
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FROM THE PATHOLOGY LABORATORIES, MEMORIAL HOSPITAL FOR CANCER AND ALLIED DISEASES, NFW YORK, N, Y,, 
AND DIVISION OF LABORATORIES AND RESEARCH, NEW YORK STATE DEPARTMENT OF HEALTH, 


For A NUMBER OF YEARS our attention has been directed to a group of 
salivary gland tumors differing structurally from commonly recognized tumors 
primary in these locations. Due to their infrequency and our inability to find 
adequate clinical and pathologic descriptions, these tumors for a considerable 
period constituted a several-sided problem as regards terminology, histogenesis 
and prognosis. Gradually, by correlating histologic structure with clinical 
course it became possible to dissociate two structural types, one indicating 
capability of localized growth, the other that of metastasis. A few of the 
tumors afforded unusual opportunity to establish their origin from salivary 
gland ducts and the group as a whole showed no structural interrelationship 
with other specific types of salivary gland tumors. 

The term, “muco-epidermoid” salivary gland tumor, is one of our own 
choosing and, although not fully descriptive, it expresses two principal 
histologic features present in all of our cases. No pretense is made that 
these tumors are described herein for the first time. Beyond doubt both 
the old and more recent literature contain references to them but in a fashion 
- insufficient for group analysis. It is certain that they deserve a more 
prominent place in the literature on salivary gland tumors than they now 
possess. We place their frequency at a little more than 5 per cent of all 
combined major and minor salivary gland tumors. 

Lack of recognition and emphasis on these tumors is understandable. 
As a group they traverse an unusually broad range of histologic variation 
dependent upon the relative proportions of the different representative cell 
elements present, and tendencies to diffuse overgrowth by a single cell type. 
Gross appearance is not uniform. Sometimes the tumors are cystic and 
again they are solid. Some of them are encapsulated and others are not. The 
recurrent tumors may depart greatly from the structure seen in the primary. 
Unless analyses of salivary gland tumors encompass very large numbers of 
cases there is little probability that the full range of these muco-epidermoid 
tumors will be observed. It is likely that many of the tumors have been 
forced into classifications under such terms as “cystadenoma,” “basalioma,” 
“cylindroma,” “squamous carcinoma” or “adenocarcinoma.” Finally, there 
seems to be a certain reaction of frustration among pathologists which leads 
to relegating any odd salivary gland tumor to the broad, unfenced field of 
the so-called mixed tumor. 

Lecéne,! in a paper devoted to adenomas and cysts of the parotid salivary 
gland, showed an illustration, now difficult of interpretation, of a case bearing 
some resemblance to the group to be described. He regarded the tumor as 
different from mixed tumors. In this case Lecene stated that squamous 
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epithelium was absent; but the degree of alteration required before an epi- 
dermoid cell is referred to as squamous will vary among different observers. 
Fick,” in 1909, described and illustrated a probable case. He regarded this 
as an example of mixed tumor but the description rendered raises doubt as 
to this. Shortly after Lecéne and Fick, in a discussion of cancer of the 
submaxillary salivary gland, Chevassu*® reported a case that was probably of 
this muco-epidermoid type. It is interesting that he regarded the excretory 
ducts as the probable site of origin. Chevassu quoted an older case of 
Volkman* that seems equally probable. There is no doubt that a tumor de- 
scribed by Schilling® can be identified as a member of this group. His Figures 
2, 3, and 4, taken from a single case, are entirely convincing. Krompecher® 
gives an account of a tumor of the lip that arouses speculation. In his opinion 
some tumors of mucosa and major salivary glands were of excretory duct 
origin. Ewing,’ in his chapter on salivary gland tumors, lists several struc- 
tural features that are common to muco-epidermoid tumors but presents no 
formal treatment of these as a separate histologic variety and simply includes 
them under the general heading of carcinoma. He regarded such tumors as 
ductal in origin. In Lang’s® treatise on salivary gland tumors mention is 
made of a parotid tumor first classified as a round cell sarcoma but reclassi- 
fied by Heineke as a papillary cyst carcinoma. Later this tumor was said by 
Schafer to have contained mucous cells, and on this basis we may regard 
this as another probable case. Leroux and Leroux-Robert® in 102 major 
salivary gland tumors, found four with high cylindrical or clear mucous cells. 
Their photomicrographs show the presence of other cell types. These cases 
with little doubt correspond to the group to be discussed. These authors also 
speak of seven cases of “malpighian” type with squamous differentiation. It 
is difficult to ascertain if these cases represent mixed tumors with foci of 


‘squamous metaplasia or if they, too, are a type of muco-epidermoid tumor. 


Ahlbom,?° in an extensive monograph devoted to salivary gland tumors, gives 
in collaboration with Reuterwall a thorough morphologic classification. 
Included in this are tumors listed as “papillary cystic.” They are further 
designated as being benign, semimalignant and malignant. We would use 
the term, muco-epidermoid, certainly for some of these tumors, on the 
basis of Ahlbom’s Figures 33 and 41. 

Our review of literature related to salivary gland tumors has not included 
every article on this subject but it has been extensive with reference to impor- 
tant sources. Enough ground has been covered to give assurance that the 
type discussed in this paper has been dealt with very sparingly. These tumors 
are certainly not familiar objects. A great many of our sections have been 
shown to experienced pathologists who have expressed themselves as 
unacquainted with them as a specific group. 


MATERIAL 
The material for this analysis was obtained from the Memorial Hospital 
records of approximately 700 major and minor salivary gland tumors of all 
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types seen between 1928 and 1943. A total of 45 cases was found acceptable 
for inclusion. No case was selected in which it was not possible to demonstrate 
the presence of mucous cells, as shown by staining with Mayer’s mucicarmine. 
In addition, every tumor had cells with epidermoid qualities—as will be 
defined in a later section. No case presented the structural characteristics of 
mixed tumors or other varieties of salivary gland tumors. 


PATHOLOGY OF MUCO-EPIDERMOID TUMORS 


Histogenesis—In tracing the origin of muco-epidermoid salivary gland 
tumors it must be recalled that scattered mucous cells, though not uniformly 
present, can be found within the duct epithelium of a considerable number 
of major salivary glands. The same is true in minor salivary glands, but 
they are more difficult to demonstrate. Under normal conditions they are 
scarce and are more likely to occur within the lining of major excretory ducts. 
Their frequency decreases as the smaller duct radicals are approached and . 
we have not observed them within intralobular ducts. Under pathologic condi- 
tions leading to chronic interstitial sialitis the number of mucous cells is apt to 
be greatly increased. During the course of this study we examined a large 
number of salivary glands that did not contain tumor but which had been 
removed on account of chronic interstitial sialitis. In such salivary glands 
mucous .cells were almost invariably found, sometimes in such striking 
numbers that they formed small, hyperplastic foci. In sections of whole glands 
the frequency and distribution of mucous cell aggregates was correlated 
closely with the pattern of the interstitial inflammation. In such cases we 
failed to discover mucous cells as far down in the duct system as the intra- 
lobular ducts. ' 

Other cells of the salivary gland ducts include the rounded basal or 
malpighian cells, rounded or elliptical intermediate cells and the columnar 
cells. The latter are almost invariably nonciliated but on two occasions we 
were able to detect cilia, once in the parotid and once in the submaxillary 
salivary gland. The major excretory ducts usually have three to four 
basophilic cell layers but these gradually decrease as the salivary gland 
lobules are reached. The intermediate ducts have two layers, basal and 
columnar. These gradually become attenuated so that the intercalary ducts 
do not have two continuous cell rows. The columnar cells become more 
in evidence until they constitute the only discernible layer. As a single 
columnar cell-lining is established the cytoplasm assumes an eosinophilic 
quality. This occurs shortly before the duct branches enter the lobules and 
within these structures the eosinophilic properties of the duct epithelium are 
maintained. 

All of the evidence in our material points to the salivary gland ducts as 
the anatomic site of origin of muco-epidermoid tumors. Two of the tumors 
in our series were very small, measuring only a few millimeters in diameter. 
They consisted in scarcely more than a collection of dilated ducts containing 
papillary or nearly solid tumor composed of appropriate cell types. There 
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was no evidence in these cases (or in others) of acinar participation. In more 
advanced tumors it was not uncommon to find closely adjacent or even 
outlying ducts in which there were hyperplastic foci. Such foci were made 
up of cell types identical with those constituting the main body of the tumor. 
The existence of such outlying foci (Fig. 1) may in part explain the fact 
that even the more favorable histologic forms of muco-epidermoid tumors 
are more apt to recur after surgery than are mixed tumors. In one tumor, 
recurrent when first seen at Memorial Hospital, a protruding nodule was 
seen distending Stenson’s duct. The patient had complained of bloody saliva. 
After surgical excision, the tumor proved to be exclusively intraductal. Though 
much emphasis in this case is lost due to the fact that the tumor was recurrent, 
we have never seen a recurrence present in this particular fashion when the 
tumor was a member of a different histologic group. The occurrence of - 
various cell types in the ducts of salivary glands has already been. mentioned 
and when it is found that a series of salivary gland tumors is composed of 
multiple cell types and when these cell types are seen to correspond structurally 
to cells found in a certain anatomic location it is reasonable to implicate such 
a site as the source of origin for these tumors. This set of relationships 
holds true as regards salivary gland ducts and muco-epidermoid tumors. 
Having failed to secure evidence of the participation of eosinophilic cells in 
the tumors under consideration, emphasis is placed on the origin of such 
tumors in the larger and intermediate ducts. 

Separation of the tumors into two histologic types: Early in this paper it 
was stated that muco-epidermoid tumors could be separated into two histo- 
logic varieties and for convenience these will be referred to as benign and 
malignant. These designations, however, require qualification. It might be 
preferable to speak of a “relatively favorable” and a “highly unfavorable” 
group. The term “benign” is scarcely ever applicable in an absolute sense 
and as used here does not necessarily imply innocent behavior. It does 
mean that thus far we have not observed metastasis from such tumors. The 
term “malignant,” when employed here, indicates a histologic structure which 


‘has been found associated with the ability to produce regional node and 


distant metastases. It, of course, does not mean that such an event is 
inevitable. 

The authors freely admit that they suffered a long period of uncertainty 
as to the status of some of these tumors. Some initial impressions proved 
unreliable. These were corrected from time to time by checking histologic 
findings with clinical course. Finally, we began to catalogue cases in which 
metastases had been proven. Structural features in these tumors were 
studied and as these cases accumulated a practical working basis was formed 
for defining a known malignant group. Simultaneously, other cases were 
catalogued whose clinical course did not include the appearance of metastases. 
There remained a small number of cases of troublesome sort that were 
regarded with suspicion on account of a certain structural feature. This 
consisted of nearly diffuse epidermoid or squamous overgrowth of a quality 
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tu be commented on in another section. Enough familiarity with these tumors 
has now been gained to be reasonably certain that they do not belong in a 
metastasizing group. There is a residual impression, none the less, that 
they are quite prone to recurrence and that some of these recurrences are 
definitely malignant. 

In arranging material for the present study all of the slides were assembled 
in numerical order. Each was then estimated to determine whether or not 
it showed a malignant tumor. This was done without recourse to case 
histories. This analysis proved the validity of previously established histologic 
criteria of malignant behavior since on review of clinical records no case 
classified as “benign” furnished any evidence of metastasis. On the other 
hand, many of the cases classed as malignant had developed metastases. This 
dissociation of cases seemed necessary in order that the histologic and clinical 
traits of the benign and malignant tumors could be separately discussed. 

Cellular Interrelationships.—Since, in the foregoing, a number of sep- 
arate cell types have been mentioned as being present in muco-epidermoid 
tumors it can well be imagined that structural patterns will be numerous and 
varied. Before describing the microscopic patterns that characterize muco- 
epidermoid tumors it is desirable to discuss in some detail certain fundamental 
cellular proliferations and transformations that take place in these tumors. 
Whereas, they are seen with greater clearness in benign tumors, they are 
discernible in a considerable portion of malignant tumors. In addition to 
the study of the tumors themselves, observations of duct hyperplasias in 
glands free from tumor yield certain impressions concerning cell behavior. 

The basal cells appear to be pluripotent and capable of differentiation 
directly into tall columnar epithelium or directly into rounded mucous cells. 
It also seems that the columnar cell may be a relatively fixed type or represent 
an intervening form prior to the assumption of mucus forming properties. 
In foci of orderly duct hyperplasia where there are many cell layers both 
columnar and mucous cell differentiation tend to occur at the luminal margin 
rather than at the basement membrane (Figs. 5 and 6). Thus, in such focal 


. areas the middle zones are apt to be composed solely of intermediate or 


basal cells. Here and there, however, one may find some cells that have rather 
pale cytoplasm, are rounded and slightly or considerably larger than basal 
cells. The quantity of cytoplasm in these cells is increased and is pale in 
varying degree. If such sections are stained with Mayer’s mucicarmine 
this pale quality of the cytoplasm marks the presence of mucus. The intensity 
with which the cells take the stain is variable and since mucus can be shown 
in round cells only slightly larger than basal cells it is evident that mucous 
change can occur without intermediate formation of large columnar cells. 
By similar means large columnar cells can be seen to acquire increasingly 
intense mucicarminophilic properties finally forming fully developed 
goblet cells. 

The formation of columnar cells in these tumors may be referred to as 
the result of proliferation and differentiation, the latter term being chosen 
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d Fic. 1.—Periphery of a benign parotid tumor. Stratification and papillary hyperplasia of pink-staining 
mucous cells. (Iron hematoxylin, metanil yellow and mucicarmine.) 


Fic. 2.—Same tumor as Figure 1. Diffuse epidermoid and squamous area adjacent to one rich in 
LS mucous cells. 


n Fic. 3.—Epidermoid and mucous cells in a malignant tumor of the parotid salivary gland. Regional 
nodes contained metastases. 


Fic. 4.—Subcutaneous axillary metastasis from a primary tonsillar tumor. Large mucous cells, basal 
and intermediate cells. Note hydropic cells that do not take mucicarmine stain. 
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Fic, 5.— Benign parotid tumor. Duct disterded with mucus and cell débris. Varying degrees of 
tification. Transitions from basal to intermediate and mucous cells. Two cells in mitosis, 





Fic. 6.—Benign parotid tumor. Multiplicity of cell types discernible in limited area. 
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since columnar cells are distinctly normal constituents of salivary gland 
ducts. In neither the benign nor the malignant tumors are columnar cells a 
prominent feature quantitatively. In no case were they a dominant element 
and in an over-all sense they were few. Perhaps this cell type, when formed, 
has relatively limited powers of proliferation or perhaps the basal cells tend 
to lose their ability to differentiate into this form. 

Since mucous cells are very sparse in normal salivary gland ducts their 
presence in muco-epidermoid tumors may be referred largely to a process 
of metaplasia, that is, abnormal differentiation. Initially, it is presumed 
that the basal cells furnish the chief source of mucous cells. There is much 
evidence, however, that mucous cells, once formed, have considerable powers 
of proliferation. .Very large as well as limited areas in some of the 
tumors were made up chiefly of this cell type. Mitoses in such areas were 
very rare and it is not easy to point out a single cell in mitosis and declare 
with assurance that it is or is not a mucous cell. In the upper, central 
portion of Figure 5 are two cells, probably of mucous type, in mitosis. In 
mucicarmine preparations occasional cells in mitosis have been observed to 
exhibit distinctly pink cytoplasm. Quantitatively, mucous cells were much 
more conspicuous in the benign than in the malignant tumors. In those 
dominantly mucous cell tumors epidermoid cells were by no means as plentiful 
as the basal or intermediate type. 

‘ Epidermoid metaplasia is one of the outstanding cytologic characteristics 
of both classes of muco-epidermoid tumors. Whereas, the basal cells are by 
all odds the principal type involved in this transformation there is satisfactory 
evidence from a good many tumors that both mucous cells and columnar 
cells may also undergo similar changes. Epidermoid metaplasia of basal 
cells when all stages are studied is an extremely gradual process and the first 
alteration involves slight enlargement of the cell due principally to increase 
in cytoplasm. In many tumors considerable areas of this sort of intermediate 
differentiation are seen and at this stage we have often employed the term 
“intermediate cell” to distinguish between the basal cell and one which pos- 
sesses more definite epidermoid appearance. Further progressive change 
involves continued enlargement of cells and loss of uniform, round or oval 
cytoplasmic border. Certain cells assume a polygonal outline (Fig. 6, upper 
right), the nucleus becomes a little larger and more vesicular. At this stage 
the epidermoid cells are about twice the size of basal cells. If the process 
of metaplasia proceeds further, the cytoplasm becomes increasingly abundant 
and more opaque. With this degree of change the epidermoid cells are three 
to four times the parent cell size and can actually be described more accu- 
rately as possessing squamous characters (Fig. 12, lower left). In such 
cell areas as this it is not uncommon at high magnification to detect canalicular 
channels between the cytoplasmic limits of adjoining cells but when such 
structures are seen they are very seldom accompanied by the formation of 
intercellular bridges. Fully developed squamous differentiation with devel- 
opment of keratohyalin granules, intercellular bridges, and pearl formation 
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are seen in the exceptional case with great clearness (Fig. 8). When 
epidermoid and squamous metaplasia stem from columnar or mucous cells 
the process is not sufficiently different from that already described to justify 
repetition. Cells that have differentiated along epidermoid or squamous lines 
seem to develop greater powers of proliferation than those which have become 
columnar or mucous. Diffuse epidermoid overgrowth occurs in both the 
benign and malignant tumors sometimes to such an extent that multiple 
sections and mucicarmine staining are necessary before they can be classed 
in the group under discussion. 


HISTOLOGY OF THE BENIGN TUMORS 

In the 26 benign tumors the predominant cells were epidermoid in 14, 
mucous in nine and intermediate or basal in the remainder. In the majority 
at least three cell types were represented. Tumors that included appreciable 
numbers of every cell type described were rather exceptional even when many 
blocks of tissue were sectioned. The presence of multiple cell types in large 
numbers was more distinctive of benign than malignant tumors. 

The most highly characteristic tumors (Fig. 6) are necessarily those 
which contain reasonably large numbers of all of the various cell types 
described. Seldom does one see an area of even a few millimeters in which 
these various cells are present in equal number. In a restricted area pattern 
depends a good deal on which type of cell is predominant. For example, if 
the basal or intermediate cells predominate, a uniform mosaic results and the 
constituent cells tend to be arranged in quite small to quite large sheet-like 
groups which may make up only a small part of a low power field or may 
encompass an area many times as large. The peripheral margins of such 
cell masses are usually quite clearly delineated somewhat as is seen in basal 
cell epithelioma or sweat gland adenoma. In such areas solid growth is the 
rule and if there are openings or pseudoglandular spaces, other cell types 
are almost invariably present. 

In areas particularly rich in mucous cells the above-described sheet-like 
growth quality is unexpected (Figs. 5 and 7). Instead there are quite small 
or even greatly dilated duct-like structures which are lined sometimes by 
several, oftentimes by a single cell layer. Here and there will be knob-like 
epithelial excrescences whose cell members, though chiefly mucous in type, are 
seldom exclusively so. Some areas of mucous cell preponderance assume 
distinctly papillary qualities but these papillae only infrequently possess a 
central core of vascularized fibrous tissue. In other words, true papillary 
cystadenomatous structure is uncommon. When such structure is present, 
nonmucoid columnar cells are apt to be seen in their greatest frequency. In 
those portions of tumor which are duct-like or cystic the greatest multiplicity 
of cell types is apt to be encountered. Such areas, whether they are of 
microscopic or macroscopic size, are commonly found partly or entirely filled 
with mucoid secretion (Fig. 5) which stains brilliantly red with Mayer’s 
mucicarmine (Fig. 1). Such “mucus pools” were found in about one-half 
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Fic. 8 


Fic. 7.—Structure commonly seen in benign tumors. Mucous and epidermoid cells in abundance, 
the latter assuming some squamous qualities. Small numbers of basal and intermediate cells, their 
distinction not easy. Primary parotid tumor. 


Fic. 8.—Benign tumor of tongue. Squamous pearl in a predominantly mucous cell area. 
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of the benign tumors. As a result of overproduction of mucus, considerable 
dilatation commonly ensues and the result of this is the erosion of lining 
epithelium, disruption of basement membrane, and leakage into adjacent 
tissue (Fig. 10). If this takes place in a near solid portion of tumor, small 
or larger areas of necrosis result. If there is leakage into an area where 
there is considerable interstitial tissue, a marked secondary inflammatory 
process is likely to ensue. Hence, in tissue adjacent to ruptured “mucus 
pools,” it is not uncommon to see a well-developed foreign body reaction with 
formation of multinucleated giant cells. 

In studying foci made up chiefly of epidermoid cells (Figs. 6 and g), it is 
unusual to find complete dissociation from basal or intermediate cells but 
if the epidermoid differentiation has developed further so as to assume 
squamous qualities, there is apt to be extremely diffuse unicellular overgrowth. 
In such diffuse areas there is a certain monotonous regularity of structure 
difficult to describe but of a distinctly different type than that seen in squamous 
carcinoma in the usual sense. There is greater similarity in cell size and 
shape, staining qualities are quite uniform, and mitoses are few. It is in such 
areas as these that one is apt to regard the tumor as malignant and consider- 
able familiarity with its structure is needed before one feels confident of 
expected clinical behavior (Fig. 2, lower half). In the benign tumors, the 
squamous areas referred to above tend to grow in relatively large sheets and 
plugs but in some tumors these become quite small and in the process of fixing 
and dehydration, shrinkage is apt to cause contraction so that the epidermoid 
or squamous plugs give the false impression of lying within lymphatics. 
Whereas this false impression of lymphatic invasion is usually easily settled 
by careful high-power study adjacent connective tissue cells are sometimes 
capable of simulating flattened endothelium. 

Before concluding this description of microscopic features an additional 
cytologic alteration should be described. In about a third of the benign 
tumors, certain areas ‘were composed of cells that appeared hydropic and 
swollen. They had extraordinarily clear cytoplasm (Fig. 11). When this 
change was highly developed and the cells in alveolar or pseudoglandular 
grouping, there was effective mimicry of clear cell renal adenocarcinoma. 
Since the collection of material for this paper we have seen a biopsy of a 
submaxillary tumor in which this structure was so prominent that it was 
necessary to have assurance that there was no clinical evidence of renal 
neoplasm before making the diagnosis of muco-epidermoid salivary gland 
tumor. Sections of the excised tumor eliminated any doubt of its muco- 
epidermoid nature. When these hydropic changes are present, they might 
lead one to suspect that such areas had undergone mucous transformation. 
In none of our cases, however, did such cells stain with Mayer’s mucicarmine. 

To sum up, in any benign tumor there may be a very wide range of- 
structural variation dependent upon the frequency of individual cell types 
and the growth pattern that such cells seem to follow. This is further 
modified by the presence of secondary phenomena such as overproduction of 
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mucus, distention of canalicular components, secondary interstitial inflam- 
mation, and spontaneous necrosis. 


HISTOLOGY OF THE MALIGNANT TUMORS 


An over-all analysis of the cytology seen in the malignant tumors showed 
rather definite trends. For example, in none of this group of 19 tumors 
did mucous cells predominate, and in only eight of these were mucous cells 
the second most frequent element. Epidermoid cells were dominant in 14 
of the 19 tumors (Figs. 3, 12 and 13). It is understood that the term 
epidermoid, as used here, includes cells which resemble those seen in basal 
cell carcinoma and also those cells which have been described as resembling 
squamous cells without intercellular bridges and keratohyaline granules. 
Another frequent cellular component of the malignant tumors was_ the 
intermediate cell which, it must be admitted, is difficult to distinguish verbally 
from the basal cells other than by saying that they are slightly larger, have 
somewhat more vesicular nuclei and more abundant cytoplasm (Fig. 17). 
Columnar cells, as in the benign tumors, were infrequent in the malignant 
tumors. When present they were not numerous. In one tumor it was pos- 
sible to identify a few ciliated columnar cells. True squamous cells having 
intercellular bridges and epithelial pearls were found in five cases. There 
were four other cases in which intercellular bridges alone were present. 

When the malignant tumors and benign tumors are studied as individuai 
groups wide structural divergences are apparent. There is, however, an 
undertone of similarity varying in degree from case to‘case. Now and then 
a case is met in which a remarkable series of cellular alterations has occurred 
so that the entire gamut of changes characteristic of both the benign and 
malignant types is seen. If, however, one studies a highly mucoid and 
epidermoid tumor of the benign group and then one of the very diffusely 
overgrown rather anaplastic malignant tumors, he would probably not be 
very much impressed by the interrelationship of these two types of muco- 
epidermoid salivary gland tumors. Further means of integrating the benign 
and malignant tumors as members of the same fundamental group are secured 
by studying structural changes in succeeding recurrences. In several cases 
the initial structural characters were those of a benign tumor made up of 
mucous and epidermoid or squamous cells in orderly arrangement. In recur- 
rences, diffuse epidermoid overgrowth has taken place together with the 
development of atypical cell qualities such as characterize the malignant 
tumors. The scope of changes observed in the transformation of a benign 
into a malignant muco-epidermoid tumor traverses no wider range of struc- 
tural alteration than may be met in the case of a mixed tumor of salivary 
gland which has become malignant. It must be emphasized that the large 
majority of malignant muco-epidermoid tumors do not contain § residual 
microscopically benign elements. We were at first skeptical about including 
some tumors in the malignant group but were finally convinced of their 
suitability after having studied that material which showed transitional 
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phases. Due to almost complete overgrowth by epidermoid or squamous 
cells many of the tumors are apt to be regarded as unicellular cancers of 
either epidermoid or squamous type. In such cases, however, careful study 
will reveal small nests, minute groups or even single cells of different sort. : 
Some isolated cells which appear rather pale but finely granular can be 
proved by mucicarmine staining to contain mucus. It is repeated that no 
tumor has been included in this series in which a mucicarmine stain was 
negative. We believe in all probability that a certain number of rather 
anaplastic and diffuse cancers of salivary glands are fundamentally muco- 


{ epidermoid in type but have become so overgrown that the mucous element 


is no longer discernible. This is perhaps especially true in that group of 
salivary gland tumors referred to by most observers as squamous or epi- 
dermoid carcinoma. In our own material we have quite a number of such 
tumors but when they have proceeded to this degree of homogeneity, we 
have excluded them from consideration here. 

The histologic qualities which separate the malignant from the benign 
tumors are for the most part easily recognized. These traits are not sub- 
stantially different from those ordinarily present in epidermoid and squamous 
carcinoma and as such do not require further comment (Figs. 13 and 16). 
The remainder of the malignant tumors may exhibit these qualities in slight 
or moderate degree but their outstanding characteristic is diffuse proliferation 
af rather small, moderately hyperchromatic, rounded and oval cells in 
sheet-like arrangement with tendency to palisading of the outer layer of 
cells which surround the proliferating sheets and pegs of.tumor (Fig. 15). A 
general structural impression is that of the gross pattern of a basal cel 


epithelioma with something added. There is appreciable resemblance to 
some of the highly cellular transitional cell carcinomas of other locations. 
Rather than continuing in the effort toward verbal descriptions, it is preferable 
to refer the reader to Figures 12, 13, 15-18. 

Other structural differences become evident when comparing the benign 
andvmalignant tumors. The latter show little tendency to formation of 
microcysts. Tubular and papillary features are far less frequent. Over- 
secretion of mucus with the production of mucus pools practically never 
occurs. Yor obvious reasons sec mdary inflammatory changes, referable to 
the leakage of mucoid material, are highly exceptional. Sometimes present 
in the malignant tumors are pseudoglandular structures. “These are by no 
means common. In one case having such structures they were partly 
composed of mucous cells. In this case some portions were hard to separate 
on structural grounds from mucous gland adenocarcinoma. 

Analysis of the histologic structure of the metastatic tumors revealed some 
points of interest. The variable structure of the primary tumors was sharply 
reflected in such lesions. By way of illustration, on more than one occasion 
the metastatic lesions were distinctly more epidermoid or squamous than 
the primary. The reverse of this was also seen. Moreover, in a single 
metastatic nodule considerable variation was observed (Figs. 16 and 17). 
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Fic. 10 


Fic. 9.—Benign tumor of parotid. Cellular make-up largely epidermoid but showing intermingled 
mucous and basal cells, 


Fic. 10.—Erosion of epithelium, leakage and interstitial inflammation. 
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Fic, 12 


Fic, 11.—Structure resembling clear cell renal adenocarcinoma. Regarded here as benign. 


Fic. 12,—Transition of basal to epidermoid and squamous cells in a malignant parotid tumor with 
multiple cervical node metastases. 
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Fic. 14 


Fic. 13.—Portion of an alveolar ridge tumor. Present for 25 years. Malignant transformation with 
structure of epidermoid carcinoma. (See also Figure 14.) 


Fic. 14.—Another area of tumor shown in Figure 13. Growing here as papillary cystadenoma, benign. 
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15.—Malignant muco-epidermoid tumor of tongue. Basal and intermediate cells merging with 
mucous cells; the latter stained intensely with mucicarmine. (See also Figures 16 and 17) 


16.—Metastasis to subcutaneous tissue of scalp from tumor in Figure 15. Cells exhibit squamous 
and epidermoid characters. 
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Fic. 18 


Fic. 17.—Another area of the metastatic nodule seen in Figure 16. Intermediate cells. 


Fic. 18.—Embolus in afferent lymphatic from malignant oe, salivary gland tumor. Several mucous 
cells are included. 
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It was possible to demonstrate mucous cells in large numbers in the metastases 
of four tumors and in moderate number in a fifth. In this connection Figure 4 
may be consulted. 


GROSS PATHOLOGY OF THE BENIGN TUMORS 

Observations here are based on findings in 14 primary and nine recurrent 
tumors. Asa rule they did not reach large dimensions. The largest tumors 
measured 4 cm. in greatest diameter. One was a centimeter in diameter and 
the smallest measured only 4 mm. The majority ranged from 2 to 3 cm. in 
greatest dimension. Regardless of location they tended to be ovoid in shape. 
Usually they were fairly well circumscribed but a well-developed capsule was 
present in only four of the 26 benign tumors. Poor encapsulation was the 
general rule and four were unencapsulated. The foregoing gross qualities 
were evident regardless of whether the tumors were primary or recurrent. 
Of some importance was the finding that some of those tumors which appeared 
rather well encapsulated in the gross did not show such sharp delimitation in 
microscopic sections. The lack of encapsulation in an occasional case was 
impressive and was further complicated by abundant mucoid secretion with 
leakage into adjacent tissue spaces. Extensive, locally infiltrative growth 
followed in a manner somewhat reminiscent of the local spread of some 
colloid carcinomas. 

Before sectioning, most of the benign tumors were moderately firm but 
in most instances lacked extreme induration. The degree of firmness, 
however, differed widely among those tumors that were variously cystic or 
solid. On cut section the majority were at least partially cystic, the cystic 
spaces usually being multiple and from two to three millimeters in diameter. 
There were extreme examples where very large cystic cavities, one or more 
in number, comprised the bulk of the tumor. Some of the tumors were 
solid in one or more areas, unicystic or multicystic in others. Still others 
showed no gross cyst formation. The cystic spaces invariably contained 
nearly clear, opalescent or blood-stained mucoid material usually moderately 
viscid but sometimes thin. In tumors that were principally solid, lobulation 
was seldom seen and the cut surfaces were usually grayish-white or grayish- 
pink. In about half of the tumors there was discoloration due to secondary 
hemorrhage and/or necrosis. 


GROSS PATHOLOGY OF THE MALIGNANT TUMORS 

Of the 19 malignant tumors there were nine in which no surgical excisions 
were done and, hence, only ten gross specimens were available for study. 
Of these, four were primary and six recurrent. Here, as in the benign 
tumors, large bulk was not a pronounced characteristic since the largest tumor 
was 5 cm. in diameter and the majority were 2 to 3 cm. in greatest dimension. 
Lack of encapsulation was a distinct feature. Ordinarily they were obviously 
infiltrative and only a few were circumscribed. When compared with the 
benign tumors there was much less tendency towards cyst formation. Two 
tumors were grossly cystic but this was obviously the result of necrosis. 
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None of the ten tumors showed grossly visible mucus aggregates. They were 
distinctly firm, cellular, opaque, gray-white and homogeneous. Hemorrhage 
and necrosis were fairly common. 
CLINICAL ASPECTS 
Sex was not a factor in muco-epidermoid tumors since both the benign 
and malignant tumors were approximately equally divided between males 
and females. 
The factor of age is represented in Table I from two points of view, 
namely, the age of the patients at the onset of the first symptom and the age 
when first seen at Memorial Hospital. (Ages are recorded in years accord- 


ing to the nearest birthday. ) 





TABLE I 
Benign Tumors Malignant Tumors 
Age at Onset Age When First Age at Onset Age When First 

Case of First Seen at Memorial Case of First Seen at Memorial 
No. Symptom Hospital No, Symptom Hospital 
2 16 17 1 34 36 
3 38 39 4 69 70 
5 42 43 8 64 66 
6 21 22 9 25 50 
7 39 40 11 74 75 
10 26 28 14 36 44 
12 56 59 16 11 12 
13 54 57 22 35 36 
15 54 59 23 49 54 
17 7 8 30 ? 18 
18 56 56 32 63 63 
19 43 44 33 59 60 
20 31 36 34 62 64 
21 38 40 36 52 54 
24 23 26 38 56 57 
25 41 43 39 43 44 
26 24 25 40 48 49 
27 20 21 41 13% 16 
28 48 49 42 55 61 
29 34 39 

31 22 28 

35 23 48 

37 34 35 

43 59 60 

44 41 42 

45 42 45 


From Table I it is evident that there is a general trend for the benign 
tumors to occur in a younger age group. Thus, when based on the age of 
patients at the onset of the first symptom, 42 per cent of the benign tumors 
occurred in patients over 40 years of age, whereas, 65 per cent of malignant 
tumors were in patients older than this. Similarly, only 25 per cent of 
benign tumors occurred in people over 50 years of age, whereas, approximately 
50 per cent of malignant tumors were in patients 50 or more years old. 
The youngest patient was seven and one-half years old at the onset of the 
first symptom. This tumor was benign and arose in the parotid salivary 
gland. The youngest patient with a malignant tumor was 11 years old, and 
this tumor was also of parotid origin. No case among the benign tumors was 
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as much as 60 years of age when symptoms began, whereas, about one-fourth 
of the malignant tumors first gave symptoms after the patient was at least 
6o years of age. 
LOCATION 

The distribution of both benign and malignant muco-epidermoid tumors 

is shown in Table II: 
TABLE II 


LOCATION OF FORTY-FIVE MUCO-EPIDERMOID SALIVARY GLAND TUMORS 


Benign Malignant 
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Table II shows that the parotid salivary glands were distinctly the most 
common sites of both the benign and malignant muco-epidermoid tumors. 
The bulk of these tumors was benign. Other major salivary glands were 
only exceptionally involved. Nearly one-third of the tumors arose from 
minor salivary glands in a variety of locations. It is noteworthy that most 
of these tumors were malignant. Thus, the general anatomic distribution 
of muco-epidermoid tumors is largely similar to that of other classes of 
salivary gland tumors. 


SYMPTOMATOLOGY 

Benign Tumors: Outstanding as an initial symptom in the benign tumors 
was painless swelling. This was true in 22 (85 per cent) of the 26 benign 
lesions. The first symptom in one case in which the tumor arose in the hard 
palate was pain after eating. In another case continuous throbbing pain 
developed in the region of the parotid salivary gland. Two of the benign 
tumors were discovered accidentally during the course of routine physical 
examination. Local pain developed at some subsequent date in about one- 
fourth of the benign tumors. A later development in one case was the 
appearance of bloody saliva. In none of the benign lesions was there any 
presenting symptom related to facial nerve involvement. In almost all 
of the benign tumors the rate of growth under observation, or as related by 
the patient, was described as quite slow or apparently stationary. In none of 
these cases was impressively rapid growth recorded. 

Fifteen of the 26 patients with benign tumors had not been treated prior 
to admission at Memorial Hospital and the duration of symptoms in these 
cases was accurately recorded. There was wide fluctuation. Nine had had 
one or more symptoms for a year, or more. In six of these nine, more than 
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two years had elapsed since symptoms began and in two patients the tumors 
had been known to be present for at least five years. 

Malignant Tumors: ‘The symptom complex observed in the 19 patients 
with malignant tumors was far more varied than that observed in patients 
with benign tumors. The principal reason for this depended largely upon 
their location within the oral or nasal cavity. Another factor was their 
more aggressive growth. In eight (42 per cent) of the 19 cases painless 
swelling was the initial symptom. This is in contrast to the presence of a 
painless swelling in 85 per cent of the benign tumors. Three patients first 
noticed painful swelling. Other initial symptoms included local pain without 
knowledge of the existence of a mass, lacrimation, nosebleed, and nasal dis- 
charge. In one patient the presence of tumor was first disclosed when his 
wife noted a lump in his neck. On investigation this proved to be a metastasis 
from a tumor primary in the tonsillar region. Other symptoms that occurred 
during some phase of the disease before medical advice was sought included 
numbness of one side of the tongue, interference with speech, dryness of 
the mouth, and sore throat. One patient first noted a painless mass which 
soon became painful. Lacrimation, trismus, and evidence of weakness of 
the facial nerve followed in the order given. In the benign tumors pain 
was by no means a clinical feature, whereas, this symptom was present in 
most of the malignant tumors before a physician was consulted. The rate 
of growth in the malignant tumors was described as rapid in about half of 
the cases. In the remaining cases it was reported as slow and in one was 
regarded as stationary. In the occasional case one was impressed by a history 
of recent, rapid enlargement of a tumor which had been quiescent or nearly 
static for several or many years. None of the patients with benign tumors 
gave a history of cachexia and weight loss, but this had occurred in three 
patients with malignant tumors. 

Ten of the 19 cases had not been treated prior to examination at Memorial 
Hospital. In these the duration of symptoms was specifically stated. In 
six, symptoms had been present for less than one year, usually a short space 
of months. In four, the duration of symptoms was a year or longer. Included 
among the latter was a patient with a tumor of the hard palate known to 
have been present for 25 years. There was a history of rapid enlargement 
for six weeks during which the overlying mucosa had become ulcerated. On 
examination a firm cervical lymph node was thought to contain metastatic 
tumor. Of more than passing interest was the finding that much of the 
tumor was histologically benign (Fig. 14) but other portions showed the 
structure of epidermoid carcinoma (Fig. 13). The patient died within a 
year, after having developed abdominal distress and a large, nodular liver. 
Another case with similar implications concerned a parotid tumor of six 
years’ known duration with slow enlargement. Growth was described as 
very rapid for eight months and during this time function of the facial 
nerve became partially impaired. Radical excision of the parotid salivary 
gland and tumor combined with radical neck dissection was done. The 
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primary tumor contained areas that were both benign and malignant in 
structure and there was metastasis to a single cervical lymph node. These 
two cases have been briefly presented as evidence of the transformation of 
benign into malignant tumors. 


LOCAL FINDINGS ON FIRST EXAMINATION AT MEMORIAL HOSPITAL 

Benign Tumors: ‘The local findings did not differ significantly whether 
the tumors were or were not recurrent. Those tumors of major salivary 
glands (20 parotid, one submaxillary) were almost invariably described as 
firm or moderately firm on palpation. An occasional tumor was regarded as 
elastic or rubbery. Only two were considered cystic and, hence, this property 
was much more apparent pathologically than clinically. Whereas, most of 
the tumors had rather well defined limits on palpation, precise outline was 
much less common than observed in so-called mixed tumors. As would be 
expected, the clinical estimation of size in centimeters was greater than that 
actually found on pathologic examination. The tumors did not center in any 
particular area of the parotid salivary gland. Five of the 20 benign parotid 
tumors seemed definitely fixed and several others were not easily movable. 
One tumor which was recurrent infiltrated skin extensively and caused central 
ulceration. Another tumor, not recurrent, had also extended into and became 
fixed to overlying skin, without, however, causing ulceration. Another case 
presented a recurrent tumor described as fixed and infiltrating skin. Note- 
worthy, here, was the breakdown of skin and the discharge of large quantities 
of mucoid material. None of the primary parotid tumors presented any but 
a single mass but in two recurrent cases there were multiple discrete tumor 
nodules. No disturbance in the function of the seventh nerve was found 
except in one case where the nerve had been damaged at a previous operation. 
The single benign tumor involving the submaxillary salivary gland gave no 
unique local findings. 

The five benign tumors of minor salivary gland origin were submucosal 
in location with one exception, a polypoid tumor of the nasal cavity. This 
tumor was also polypoid when it recurred. The other tumors were variously 
rounded and irregular, firm or moderately firm and more or less fixed. The 
overlying mucosa was elevated in all cases and in two cases was ulcerated. 
Neither of these tumors was recurrent. The regional distribution of the 
benign tumors of minor salivary gland origin is shown in Table II. 

Malignant Tumors: Regardless of whether the malignant tumors were 
primary, recurrent, or of major or minor salivary gland origin, they were 
with little exception firm, fixed, poorly circumscribed and infiltrative. One 
of the submaxillary gland tumors was felt to be partly cystic. Both of 
the submaxillary tumors had fungated through skin, The growth 
of one parotid tumor interfered with the function of branches of the facial 
nerve. In this case there had been no previous treatment, the tumor had 
been slowly enlarging for six years but had exhibited rapid growth for 
eight months. Mucosal ulceration was present in all but two cases of minor 
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salivary gland origin. Further local complications caused by intraoral and 
intranasal tumors were erosion and penetration of adjacent bony structures, 


RECURRENCE AND METASTASIS 

Patients with Benign Tumors: Eleven of the 26 cases in this group had 
tumors recurrent after surgery when first seen at Memorial Hospital, and 
three of these 11 were twice recurrent. ‘The time-interval between excision 
and the recognition of recurrence varied greatly. Precise dates were recorded 
in nine cases and were nine years, five years, two years, ten months (two 
cases), three months, two months (two cases), and one month. Thus, as 
in other types of salivary gland tumors late recurrence may be a clinical 
characteristic. Ten of the recurrent tumors were of parotid origin and 
the other arose in the nasal cavity. The latter tumor had been discovered on 
routine physical examination and had been excised under the clinical diagnosis 
of nasal polypus. 

Patients with Malignant Tumors: Of 19 such cases nine were recurrent 
after surgery when first seen at Memorial Hospital. Five of the nine 
recurrent cases had had more than one reéxcision for recurrent tumor. The 
time-interval between operation and clinical recurrence was characteristically 
a short space of months but in a single case there was a lapse of seven years, 
It is, thus, apparent that rapid recurrence is far more likely in the malignant 
than the benign muco-epidermoid tumors. 

On initial examination ten patients had clinical evidence of metastasis. 
This was confirmed pathologically in eight. The metastatic lesions involved 
cervical lymph nodes in all but one instance. In this the supraclavicular 
nodes contained secondary deposits from a tumor primary in the submaxillary 
salivary gland. Four of the primary tumors arose in major and six in minor 
salivary glands of the oral cavity. In six of the ten cases presenting with 
metastatic lesions there had been no previous treatment. 

The material available afforded relatively little opportunity to study the 
distribution of distant metastases. There were only two autopsies and in one 
metastases were limited to cervical nodes. In the other there were extensive 
generalized metastases including regional, mediastinal, para-aortic and iliac 
lymph nodes, lungs, pleurae, myocardium, liver, and subcutaneous tissue. The 
primary tumor was located on the alveolar ridge. In another case there was 
clinical evidence of metastases to the liver. With some surprise it was found 
that in three cases (including the above mentioned case with autopsy) 
distant subcutaneous metastases developed. Regions involved included the 
face, scalp, axilla, and abdomen and in each case positive excisional biopsies 
were secured (Fig. 4). 


RESULTS OF TREATMENT 

Benign Tumors: In 14 cases more than five years have elapsed since 
the beginning of treatment at Memorial Hospital. Three of these were lost 
to follow-up and were free of disease less than one year, two and two and 
one-half years when lost. Nine cases were alive and free from disease and 
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two cases had developed recurrent tumors, one definitely inoperable, the other 
probably inoperable. es; 

Two of the nine five-year cures were accomplished by irradiation meas- 
ures alone. One of these cases was that of a parotid tumor recurrent after 
surgical excision, It measured 5 x 3 cm. in greatest dimensions. The 
insertion of gold-filtered radon seeds, totalling 25 millicuries destroyed, was 
followed by complete regression. ‘The other case cured by irradiation alone 
presented a previously untreated 3-cm. tumor of the mucosa of the cheek 
situated posteriorly between the upper and lower alveolus. Between June 18 
and 26, 1934, the patient received 2000 r of 200 K. V. roentgen ray through a 
7-cm. field in single fractions of 250 r, 0.5 mm. copper filtration, target-skin dis- 
tance 63cm. One month after the completion of this cycle there was moderate 
regression and at this time gold seeds, totalling 22.4 millicuries destroyed, 
were inserted into the tumor. Gradual, complete regression followed. 

Of the seven remaining five-year cures, three had surgical excision alone. 
All of these were parotid tumors, two were previously untreated and one was 
recurrent two years after surgical excision. None recurred after treatment 
at Memorial Hospital. 

Four of the nine cases cured for five years, or more, received combined 
surgical and radiation treatment. None of these tumors recurred after 
treatment. Three of these tumors were of parotid and one of submaxillary 
salivary gland origin. In each of these four cases gold seeds were implanted 
at the time of operation in the area from which the tumor had been excised. 
The amount of radon seed implantation was not uniform, and was recorded as 
g, 10, 23.6, and 29.9 millicuries destroyed. One of these four cases received 
in addition to the interstitial irradiation, 48,000 milligram-hours with the 
four gram radium element pack in daily fractions of 4,000 milligram-hours. 
In these cases treated by combined surgery and irradiation it is impossible 
to evaluate the role of irradiation in cure. 

There was not sufficient material among the benign tumors to estimate 
the effect of external irradiation. In only one case was this form of therapy 
employed in appreciable amount. ‘This was a case of nonrecurrent parotid 
tumor which was surgically excised and treated postoperatively with 220 
K. V. roentgen ray through a 4-cm. cone, in daily fractions of 200 and 300 r, 
0.5 mm. copper filtration, target-skin distance 50 cm., for a total of 4900 r. This 
tumor recurred in less than a year. 

Malignant Tumors: The highly fatal character of this group can be 
shown by briefly enumerating facts concerning those patients known to be 
dead or alive. Seven are dead. The duration of life after treatment was 
undertaken at Memorial Hospital was two, three, five, eight, and nine 
months, two and ten years. The last patient succumbed to both locally 
recurrent and metastatic tumor as shown by biopsy after having been free 
from evidence of disease for five years. Five of the seven fatal cases had 
clinical or pathologic evidence of metastases (usually cervical node) when 
treatment was begun. Twelve patients are living, but two of these are dying 
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with locally uncontrolled tumor and a third is known to have subcutaneous 
metastases. One patient, alone, is alive and free from evidence of tumor 
for more than five years. Two patients are living three and one-half and 
two years, respectively, following therapy, and are believed free from disease, 
The first of these cases was a recurrent parotid tumor without metastases and 
surgical excision was the only treatment. The second was a primary tonsillar 
tumor with cervical node metastases treated with external and _ interstitial 
irradiation. The follow-up period in the remaining eight cases still living 
is too short for significant comment. 

The purpose in presenting the preceding data on the results of treatment 
has been to establish the contrasting clinical behavior of the tumors variously 
classified as benign and malignant. It is inappropriate, and beyond the 
capabilities of pathologists, to decide on methods of treatment in a class of 
tumors presenting so many complexities related to specialized regional surgery 
and the application of various forms of irradiation therapy. 


SUMMARY 
A little recognized group of salivary gland tumors has been presented 
and the term, “muco-epidermoid” tumor, applied to them. Reasons have 
been advanced implicating the salivary gland ducts as their anatomic site of 
origin. These tumors are believed to represent a specific pathologic type 
distinct from generally accepted varieties of salivary gland tumors. The 45 
tumors included herein have been separated into two groups, benign and 
malignant, as qualified in the text. Their pathologic aspects have been 

discussed in full and these have been correlated with clinical behavior. 
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REGIONAL ENTERITIS 
Captain H. L. Pucu,* M.C., U.S.N. 


FROM THE SURGICAL SERVICE, U. S. NAVAL HOSPITAL, SAN DIEGO, CALIF. 


THE LITERATURE relating to regional enteritis has become rather voluminous 
during the past 13 years. Scarcely an article has been written in which the 
author has not in the first column (frequently in the first paragraph), referred 
to the original article by Crohn, Ginzburg and Oppenheimer,! which ap- 
peared in the Journal of the American Medical Association, October 15, 1932. 
That paper first describing this clinical entity as a disease sui generis was 
read before the Section on Gastro-enterology and Proctology at the 83rd session 
of the American Medical Association, New Orleans, Louisiana, May 13, 1932. 
It was a remarkable treatise not merely because it raised the curtain on an 
hitherto unheralded disease but chiefly because of the accuracy and fullness of 
the observations on the part of the authors and the intelligent and intelligible 
recording of those observations by them. 

In fact, so accurate was the original Crohn, Ginzberg, Oppenheimer story 
of regional enteritis that in all the literature contributed to the subject during 
the years that have followed, nothing has been subtracted from it. And so 
today, one may say to a medical student or intern: “If you would acquire 
sufficient knowledge of this condition to recognize and know how to treat it, 
all you need do is read the original article.” 

The original title of terminal ileitis was changed following the suggestion 
of Dr. Bargen that the word “terminal” suggested agonal, and regional was 
substituted therefor. Enteritis has been substituted for “‘ileitis’” since it has 
subsequently been demonstrated, time and again, that any part of either the 
large or small bowel and not infrequently a part of both in the same patient 
may be involved, although the ileum and indeed the terminal ileum is the over- 
whelmingly favorite site. In 87 per cent of the cases reported by Dixon? the 
disease was confined to the terminal ileum. A great variety of names have been 
offered as a designation for this condition by the numerous contributors to 
the subject, among which have been, in addition to the original of terminal 
ileitis, regional ileitis, regional ileocolitis, regional enterocolitis, segmental 
enteritis, nonspecific granuloma, infective granuloma, chronic cicatrizing en- 
teritis, pseudocancer, Crohn’s disease, and, finally, regional enteritis. The 
latter term is the most popular and comes nearest to being true and the 
most appropriate. | 

Whenever a new idea is evolved or discovery made, the literature is sure 
to be flooded with a great many offerings related to the original. In some, 
one thing is emphasized; in some, another. Preliminary to the preparation 
of this paper, 39 articles by different authors which have appeared in a wide 





* Now Medical Officer in Command, U. S. Naval Medical School, National Naval 
Medical Center, Bethesda, Maryland. 
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assortment of medical and surgical journals of this country, Canada, and the 
British Isles were reviewed by the author. Our series of 17 cases illustrates 
a variety of the special features which have been pointed out and have been 
made the central theme for various of these individual articles. It is for the 
purpose not only of adding our series of cases to the literature but, moreover, 
for the purpose of adding confirmation to the several special observations which 
have been made by a variety of contributors and which are borne out by our 
experience that this report is being made. 

Historical; While all credit is due the original authors, above referred to, 
for their astuteness and perspicacity leading them to make their epochal report, 
it is not believed that this was really a new disease. There are numerous 
reports in the literature indicating that it has existed for centuries. In 1913, 
Combe, of England (Phillips*) described a case of thickening and stricture 
of the ileum at postmortem. This in all probability was a case of regional 
enteritis. _Moschcowitz (Phillips?) reported a small series in 1923, which 
may well have been cases of regional enteritis; and, in 1893, W. J. Mayo 
described what he termed granuloma of the small intestine. The writer re- 
calls very clearly having witnessed an operation when he was a medical student 
in the early ’20’s in which an involvement of the ileum, typical of segmental 
enteritis, was demonstrated and was thought to be of tuberculous origin. 
Subsequent to that time, and prior to 1932, he saw several similar cases. 

That the incidence is increasing is indicated by a report from the Mayo 
Clinic, by Donald and Brown, in 1941. They reported 178 cases at the 
clinic between the years 1922 and 1940, and 114 cases between 1937 and 10941. 
More convincing evidence of the increase in the incidence of the disease is 
offered by Fallis,® who reports only one case of granuloma of the small bowel 
and seven cases of tuberculosis of the small intestine in 195,000 patients ad- 
mitted to the Henry Ford Hospital, Detroit, during a 15-year period prior to 
January I, 1933. During the ensuing ten-year period, that is, from 1933 to 
1943, out of 180,000 new patients, there were 27 positively proven cases of 
regional enteritis, and five additional cases diagnosed on the interpretation 
of the history and roentgenographic findings—making a total of 32 cases. 
While sharper recognition is admitted as a possible factor, it is not regarded 
as the sole explanation for this apparent increase in incidence. 

Etiology: As has been said of Banti’s disease, and as is true of chronic 
ulcerative colitis and a number of constitutional disorders, a lack of knowledge 
as to the etiology seems essential to a diagnosis of regional enteritis. A num- 
ber of theories have been advanced—some have been disproven, some remain 
purely nebulous. Of the disproven theories, that purporting to assign to 
Koch’s bacillus of either the human, bovine, or avian variety the role of 
causative agent heads the list. 

That allergy may in some manner tie in with this disease entity remains 
in the category of fancy. That there is a correlation between mesenteric 
lymphadenitis and regional enteritis seems not improbable, but which is the 
cause and which the effect remains a moot question. Several writers, 
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notably Donald and Brown,’ have suggested that the malady has a predilec- 
tion for Jews, particularly at an early age. It has been claimed that the dis- 
ease is more common in the Eastern cities. This appears to be borne out by 
case reports in the literature, however, the validity of this claim may be more 
apparent than real when we consider that there are more people in the 
Eastern states, and particular interest in this condition has been manifested 
by Eastern writers. In our series of 17 cases only one, the first, was a Jew. 
The group comprised personnel of the U. S. Navy admitted over a two- 
year period to the U. S. Naval Hospital, San Diego, California. There were 
15 enlisted men and two officers. The fact that they were near southern 
California at the time of their transfer to the hospital by no means indicates 
that they were anywhere near that part of the world at the time of the orig- 
inal onset of their disease. Actually, from their histories, it would appear 
that not more than one of the entire group developed his disease in California. 
That there is a seasonal variation in the incidence of this disease or at least 
in the tendency towards an acute exacerbation of the pathologic process 
appears quite probable and is to some extent borne out by our experience. 
That a familial tendency may play a role in the occurrence of regional enteritis 
has been suggested by Crohn.’ That the disease is distinctly more prone to 
appear between the ages of 15 and 4o seems to be generally recognized. The 
youngest in our series was 17, the oldest 33. The majority of the statistical 
reports indicate that the disease has a preference for males in a ratio of 3 to 2 
(Crohn’), Fallis® found this ratio to be 4 to 3. However, Marshall,® at the 
Lahey Clinic, reported 13 men and 16 women in a series of 29 cases. All 17 
of our cases were males. 

Pathogenesis: The earliest or incipient stage of regional enteritis remains 
more or less conjectural, since it is seldom, if ever, recognized at operation 
or roentgenographically until at least a fairly advanced or well-defined stage 
has been reached. It seems reasonable, however, to surmise that it begins as a 
proliferative process in the interstitial structure of the bowel wall and gradu- 
ally assumes the characteristics of a cicatrizing granulomatous lesion. Hence 
the term “pseudocancer.” As the wall of the bowel becomes thickened, the 
mucosa becomes ulcerated, possibly due to interference with the blood supply 
and possibly due to an infective process, either virus or bacterial in character. 
Whether the fibrosis is secondary to the ulcerative process or the ulcerative 
process is secondary to the fibrosis is not known. In any event, as the disease 
progresses, the bowel wall becomes progressively thicker and as a result of 
this change, plus the contraction of cicatrizing ulcerated areas, the lumen is 
encroached upon and thus narrowed, until obstruction eventuates in some 
cases, 

While the bowel is undergoing these changes, the adjacent mesentery 
becomes thickened and the mesenteric lymph nodes become enlarged but usually 
remain discrete. An edematous condition is superimposed in the bowel struc- 
ture and mesentery alike. As this pathologic action advances, the ulcerated 
areas tend to perforate, leading to abscess and fistula formation. These 
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fistulae may communicate internally with adherent loops of small bowel, large 
bowel, or bladder, or externally with the surface through the abdominal wall 
or any combination of these possibilities may obtain. The premises upon which 
some writers upon this subject have based their reasoning that this disease may 
progress through four more or less well-defined stages, namely: First, acute; 
second, irritative; third, obstructive; and fourth, fistulae, are, therefore, 
readily understood. 
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Fic. 1.—Drawing of segment of involved ileum showing the classical corrugated or 
cobblestone appearance of the bowel and its adjacent mesentery. Note sharp line of 
demarkation at ileocecal junction. Thickening of bowel wall, narrowing of lumen, and 
presence of fistula are shown in the insert. The findings upon roentgenologic examination 
in this case are shown in Figures 3 and 4. 


There is also a wide range of possibilities as to the extent and part of the 
intestinal tract that may be involved. While, as has been pointed out, the 
terminal ileum per se is overwhelmingly the favorite site for involvement, 
nevertheless, the disease extends past the ileocecal junction and invades the 
cecum in an appreciable number of cases (Figs. 7 and 9). Likewise, may 
any part of the bowel, from the jejunum to the sigmoid, be affected. More- 
over, several portions of the bowel may be involved in the same patient, with 
healthy segments intervening, hence, what is referred to by various writers as 
“skipped areas” are demonstrable. 

The disease is chronic in its course, and is characterized by periods of 
exacerbation and remission. The duration of these phases appears to vary 
with different individuals and, undoubtedly, is in some measure influenced by 
the physical stamina and general health of the individual. In any event, the 
weight of evidence and opinion indicates that spontaneous cure, if it ever 
occurs, is rare. This view is probably somewhat radical. Appreciable contra- 
dictory evidence is not lacking. (Our Cases 10, 12, and 16.) 
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There is a marked contrast between the appearance of the bowel during 
an acute and a quiescent or remission stage. In the acute phase, the involved 
surface is swollen, inflamed and hyperemic. Its surface may be coated with a 
plastic exudate. The mesentery is likewise swollen, edematous and inflamed, 
and its contained lymph nodes may constitute tumor masses varying in size 
fram that of a pea to that of an English walnut (Fig. 9). Gross corrugations 





Fic. 2.—Microscopic appearace of tissue removed from the gross specimen 
shown in Figure 7. It was upon the presence of giant cells, such as are shown in 
this section, that the theory of tuberculosis as an etiologic factor was predicated. 


which extend from the mesenteric border and tend to encircle the bowel become 
more prominent as the disease persists, and during an acute episode these 
markings are greatly accentuated. This has been described by Sneierson and 
Ryan® as a “cobblestone” appearance (Figs. 1 and 9). 

A considerable accumulation of serosanguineous fluid within the peritoneal 
cavity is not uncommon during the acute phase. During quiescence or remis- 
sion from acute activity, the bowel remains thickened, heavy and leathery in 
consistency, and is devoid of its normal flexibility and distendability. As the 
hyperemia subsides, organization of the plastic exudate laid down during an 
acute attack leads to the development of dense fibrous bands and adhesions 
during the remission phase. 

In a typical case, histopathologic examination of a segment of bowel 
affected with regional enteritis reveals a marked fibrosis and thickening of 
the submucosal and mucosal layers. The entire structure of the bowel wall is 
apt to show a mononuclear infiltration, with a preponderance of these cells 
in the mucosal layer. Giant cells (Fig. 2) are also commonly seen and have 
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been largely responsible for the erroneous assumption that the tubercle 
bacillus was the mischief maker. 

Symptoms: The symptoms will, to a very appreciable degree, depend upon 
the stage, location, and severity of the disease. The three cardinal symptoms 
of regional enteritis are abdominal pain, intermittent diarrhea, and loss of 
weight. The latter is not as consistent a finding as the first two. The pain is 
usually cramp-like, intermittent, and recurrent in character. Nausea is not 
uncommon and when present vomiting as a concomitant symptom is the rule. 





Fic. 3.—Roentgenogram showing narrowing of lumen of 
ileum. Note amount of barium in large bowel before opaque 
media could be forced into the ileum. 


In some cases the pain, nausea, and vomiting assume such proportions as to 
lead to a suspicion of intestinal obstruction, although complete obstruction 
seldom occurs. Anorexia is also experienced in a goodly percentage of cases. 
The onset may be sudden and the patient may fail to give a history of ante- 
cedent prodromal symptoms. The pain is apt to be most severe in the right 
lower quadrant and, therefore, the fact that over 50 per cent of the patients 
in our series, as is true of most of the series reported, have been erroneously 
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diagnosed as acute appendicitis, and have been operated upon for that condi- 
tion, is quite naturally accounted for. Hemorrhage from the bowel, while 
not usually regarded as an evidence of regional enteritis, does occasionally 
occur in this condition and in the absence of a more readily demonstrable 
explanation should be considered as a diagnostic indication of appreciable 
import. 

Signs: When coupled with the symptoms as above indicated, anemia is 
a common sign of regional enteritis. Some elevation of the patient’s tempera- 





Fic. 4.—Same case as illustrated in Figure 3, after evacuation 
of barium enema. The segment of bowel removed at operation in 
this case is illustrated in Figure 1. While the pathologic process 
did not extend to the cecum originally, it is a notable fact that a 
recurrence became manifest within a few weeks in this case, and 
upon recurrence the transverse colon was grossly involved along 
with a second segment of ileum. This was the only patient in the 
series of 17 who developed a recurrence within a year postoper- 
atively. Following the second resection, this patient has remained 
symptom-free for over two years. 


ture is also common. During an acute exacerbation the temperature will 
usually show an elevation of from 102° to 103° F., with some fluctuation. 
During a remission the temperature may be normal, however, a slight P.M. 
rise is not unusual. The blood picture will characteristically reveal evidence 
of a moderate secondary anemia and the white count may fluctuate between 
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normal and that commonly associated with acute appendicitis, depending 
upon the phase, whether acute or quiescent. Actually, during an acute stage, 
the white count may be elevated to 18,000 to 20,000 and, therefore, raise a 
doubt as to the diagnosis of acute appendicitis. The blood sedimentation rate 
is, as a rule, sharply accentuated during an acute attack. 

Abdominal examination will not infrequently reveal the presence of a 
boggy mass in the right lower quadrant, particularly in thin individuals or 
when complete relaxation of the abdominal wall is obtained. A mass, along 





Fic. 5.—Kantor’s string sign. 


with tenderness in the right fossa, may also be palpated upon rectal examina- 
tion. Evidence of ascites is not rare. 

Roentgenologic examination is repeatedly referred to as the most im- 
portant diagnostic aid. Roentgenograms following the ingestion of barium by 
mouth or when introduced as an enema may reveal the presence of intestinal 
fistulae at any part of the intestinal tract. However, the classical roentgeno- 
graphic sign is that produced by a narrowing of the luminal shadow in the 
terminal ileum (Figs. 3, 4, 5, and 6). This is known as Kantor’s” string sign, 
and is excellently described by him in the J.A.M.A., 1934. When present, 
this sign is considered practically pathognomonic of regional enteritis of the 
terminal ileum. 
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Differential Diagnosis: The condition with which regional enteritis is 
most commonly confused is acute appendicitis. A careful history, with 
emphasis upon prodromal symptoms, is of prime importance. The onset of 
acute appendicitis is ordinarily more sudden, the point of maximum abdominal 
tenderness in appendicitis is likely to be more sharply defined, and rebound 
tenderness is apt to be less striking in regional enteritis. The abdominal 
mass, which is not uncommonly demonstrable in regional enteritis, is rare 
in acute appendicitis unless abscess formation has supervened. The white 





Fic. 6.—Kantor’s string sign. 


blood count tends toward greater elevation in an acute stage of regional 
enteritis, and a sharp and decided drop in the blood sedimentation rate is more 
indicative of enteritis. Diarrhea is the rule with regional enteritis, while 
constipation is the rule with acute appendicitis. Intestinal tuberculosis may 
simulate regional enteritis. Roentgenologic examination is the most important 
differential diagnostic aid. Moreover, pulmonary tuberculosis is expected to 
constitute a concomitant disability when intestinal tuberculosis is present. 
Again, a decided elevation of the white blood count is against tuberculosis. 
As has been pointed out by Crile :1! “It is occasionally impossible, even at the 
time of operation, for the surgeon to distinguish nonspecific regional from 
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tuberculous enteritis. But since the treatment of these conditions is essen- 
tially the same, the matter of differentiating between the two is not of practical 
importance.” Diverticulitis, due either to inflammatory involvement of 
Meckel’s diverticulum or multiple diverticula of the large bowel may produce 
symptoms similar to regional enteritis. Here again, roentgenologic examina- 
tion is a valuable diagnostic aid. Amebiasis may produce a picture which could 
quite likely be confused with regional enteritis. In amebiasis, however, if 
diarrhea is present, blood and mucus should be looked for in the stool, and 
sigmoidoscopic examination will reveal characteristic ulcerations in the lower 
bowel. If there is no amebic involvement of the lower bowel, the patient will 
probably not have diarrhea with his amebiasis. Finally, the finding of 
Endamoeba histolytica in the stool is proof positive of amebiasis. Chronic 





; Fic. 7.—Drawing of extension of process beyond ileocecal 
junction on to cecum. Microscopic appearance of tissue removed 
from site indicated in this drawing is shown in Figure 2. 


ulcerative colitis must be ruled out. In this condition the stools commonly 
contain blood and much cellular detritus. Sigmoidoscopic examination and 
roentgenologic examination following barium enema are usually sufficient to 
rule out or establish the existence of this disease. 

Complications or Sequelae: Practically every complication, sequela, or 
peculiarity of this disease which has been described in the literature, and cer- 
tain of which have been emphasized in particular articles, have been illus- 
trated in one or more of our cases. In order of their frequency in our series 
of 17 cases, these complications or special features may be listed as follows: 


(1) An involvement of segments of large bowel, apparently as a result of 
direct extension from involved small bowel segment (Fig. 7). 

(2) Positive Kantor’s sign. 

(3) Fistulous communication within the abdomen—internal fistulae. 

(4) Fistulous communication with the abdominal wall—external fistulae. 


854 





ill 
of 





Volume 122 REGIONAL ENTERITIS 


Number 5 
(5) Obstruction. 
(6) Skipped areas in the small bowel. 
(7) Apparent subsidence of symptoms and absence of roentgenologic 
signs without operative interference. 
(8) Hemorrhage. 
(9) Recurrence after operation. 
(10) Fistula or fissure in ano. 
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Fic. 8.—Drawing of a markedly dilated, toneless, violescent loop of 
ileum, with involvement of sigmoid and fistula formations between the ileum 
and sigmoid. The disturbance of circulation in this segment of bowel was 
apparently due to interference with the blood supply by tremendous lymph 
node enlargement, edema, and fibrotic changes in the mesentery. Resection 

+ and closure of sigmoid fistula and end-to-side ileocolostomy was successfully 
&_accomplished in a one-stage operation. 


In nine cases, over one-half of our series, there was evidence of extension 
of the pathologic process from the ileum to the large bowel. In six cases the 
cecum was involved, in two the sigmoid colon, and in one the transverse colon. 

Fistulous communication within the abdomen existed in six of our 
cases. In two there was a fistulous communication between the ileum and 
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sigmoid colon (Fig. 8). In one there was a fistulous communication between 
a dependent loop of jejunum and the cecum and a dependent loop of the mid- 
ileum and the cecum (Fig. 9). In one there was a fistulous communication 
between the ileum, sigmoid, and urinary bladder (Fig. 10). This complication 
has been referred to by Bargen.!? In one there was a fistulous communication 
between a kink of terminal ileum and the cecum; in another there was a 
fistulous communication between the ileum and the transverse colon. 

Four of our cases developed fistulous communications between the 
ileum or cecum and the abdominal wall, which extended through to the 
exterior. 


Fistvlae between Closure of fistulae 
smaliand large bowel 
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Fic. 9.—Drawing of regional enteritis involving terminal ileum and cecum, with 
loops of ileum and jejunum adherent to the inflammatory mass, and with communicating 
fistulae formation between both loops of small bowel and cecum. 


In three cases small bowel obstruction constituted the paramount dis- 
ability and necessitated emergent operative intervention. 

Skipped areas in the small bowel were demonstrable in three of our cases. 

Fistula in ano was present, or had previously been treated by operation 
in only one case of our series. Jackman and Smith!* reported 36, or a 32 
per cent incidence, of anal abscess or fistula as a complication of regional 
enteritis in a series of 114 cases. 

In one of our cases, hemorrhage from the bowel had been a notable but 
not a prominent symptom. 

Recurrence necessitating a second operation occurred in one of our cases. 
At the first operation, two feet of the terminal ileum and the right half of the 
large bowel were resected (Fig. 1), and an end-to-side ileotransverse colostomy 
was established. After a month of indifferent improvement or progress follow- 
ing this operation, the patient began to decline markedly. At the second 
operation the ileum, for a distance of 18 inches, and the transverse colon, for a 
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distance of ten inches, showed every evidence of a recurrent involvement 
with regional enteritis. It seems noteworthy that the large bowel was not 
involved in the original process but became involved when the condition 
recurred. The diseased bowel was again resected and an end-to-side anastomo- 
sis was established between healthy ileum and the colon near the splenic flex- 
ure. The patient went on to complete recovery and gained 40 pounds in weight. 


TABLE [ 


REVEALING THE INCIDENCE OF THE MORE COMMON SIGNS AND SYMPTOMS, ALONG WITH OTHER DATA PECULIAR TO 

REGIONAL ENTERITIS IN A SERIES OF 17 CASES. THIS SERIES IS COMPRISED OF NAVY AND MARINE CORPS PERSONNEL 

FOUND TO BE AFFECTED WITH REGIONAL ENTERITIS DURING A 27-MONTH PERIOD IN A NAVAL HOSPITAL, WHOSE 

AVERAGE DAILY PATIENT CENSUS FOR THAT PERIOD WAS 6,268. IT MAY, THEREFORE, BE REGARDED AS A FAIR 
INDEX OF THE RATE OF OCCURRENCE OF THIS DISEASE IN SERVICE PERSONNEL. 


5 v 

z 2 ¢ 3 . a 5 

2 yg . “= 2 5 2 & ° 5 2 § i 2 

E wf - So § & . = 2 oS 9 F 3 

as] ae ae war ot) ‘ = bs & yes o 

6 < t+ @ 8 82 8s. 8g at ay S$ &€ se 

VGatm A a < QM At O ma m4 ea = ea ”) a4 ~ Y yn 
Oe) Be. caf F Vv Vv Vv Vv V Vv 
2 64-30 of Vv V JV Vv Vv JV 
Poe ae ot Oa Vv Vv Vv Vv V Vv Vv JV 
c 2, 18 -«/ / Vv JV Vv Vv Vv 
5 B21. we ay ae Vv Jf Vv wv vv Vv 
6 8 24 Vv v wt MF Vv V 
: Ne eg Vv viv Vv vo ee Vv 
Ss it 33 +f / JV JV JV Died 
O- 2. 21 of a Vv Vv Vv 

1 22 19° .+/ Vv Vv Vv v 
11 3 20 Vv Vv v Vv Vv Vv \ 

2 4628 Ov JV v Vv 
3 4¢ 33 »/ v VA Vv Vv V 
144626 Vv Vv V Vv ¥ vv Vv Vv 
iS 6 12 ff. ¥V vv Vv v vv Vv Vv 

16 , it Vv JV J/ 
iy 6 27 of J Vv Vv Vv Vv VA 

Totals 16 7 1 rj 7 17 9 3 1 10 9 6 + 3 14 1 13 3 


Three cases in our series cleared up without definitive surgery. The first 
of these cases was diagnosed as regional enteritis upon his symptoms alone. 
At operation his jejunum and ileum to within three feet of the ileocecal junc- 
tion contained at least six areas presenting the classical appearance of regional 
enteritis with normal bowel of from one to three feet in length in between the 
diseased segments. Because of the extent and distribution of the involvement, 
the patient’s abdomen was closed without resecting any of the bowel. Peni- 
cillin therapy was instituted and the patient rapidly became entirely symptom- 
free. His bowel was roentgenologically negative. He was sent to duty with 
the recommendation that he return to the hospital after six months for re- 
examination. Whether he will remain well and whether or not the penicillin 
influenced his course is entirely conjectural. One patient had been operated 
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upon for acute appendicitis aboard ship and what had been described by 
a seasoned surgeon as a typical regional enteritis involving his terminal ileym 
was found. He was sent to the hospital for further treatment. Upon second 
celiotomy five or six months later, scarcely any evidence of a former acute 
process involving any segment of the intestine could be found. The third 
case was that of a 19-year-old patient operated upon for acute appendicitis, 


He was found not to have any appendiceal involvement but his terminal ileum 
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Fic. 10.—Drawing of regional enteritis involving terminal ileum, sigmoid colon, and 
urinary bladder, with fistulae existing between sigmoid and bladder and sigmoid and ileum. 
The passage of gas through the urethra was a prominent symptom in this case. The oper- 
ative procedure involved three steps. First stage: A resection of the involved segments of 
ileum, closure of fistula in urinary bladder, and the establishment of a temporary single- 
barrel ileostomy and a double-barrel colostomy. Second stage: While the ileostomy was 
functioning and the large bowel was functionless, an end-to-end anastomosis was done between 
the proximal and distal sigmoid segments. Third stage: The ileostomy was taken down and 
an ocenstadion colostomy was done, thus restoring complete continuity of the intestinal tract. 


was described as typical of regional enteritis. The patient rapidly improved 
subjectively, however, and roentgenograms revealed no evidence of any de- 
parture from normal. Further operation was considered not warranted and 
the patient was discharged to duty. 

Treatment: The preponderance of opinion, as expressed in the litera- 
ture on the subject of regional enteritis, proclaims surgery not only as the 
treatment of choice but as the treatment of necessity, if a cure is to be hoped 
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for. There is, however, one notable exception to the disciples of this doctrine. 
That is Dr. Elliott Cutler,’ of Harvard University, whose ideas relative to 
the treatment of regional enteritis appear to be similar to those commonly 
held with regard to diverticulitis; namely, that the disease is a medical entity 
unless certain complications such as obstruction, fistulae, or abscess formation 
arise. Certain of our observations, as borne out by three of our case reports, 
tend to lend substantiation to Dr. Cutler’s contention. Nevertheless, our treat- 
ment has been predominantly surgical and it is felt there are ample grounds 
for the stand that when applied to men in the naval and military service, this 
form of treatment is by all odds preferable. 

Granted that surgery is agreed upon as the accepted means of dealing 
with regional enteritis, there remains a considerable divergence of opinion as 
to what constitutes the best surgical procedure. It is unanimously agreed, | 
believe, that in the presence of an acute process or exacerbation of the dis- 
ease, it is unwise to institute any form of surgery unless some complication 
such as obstruction makes emergent intervention imperative. It is, moreover, 
generally agreed that it is inadvisable to remove a nonentity appendix in the 
presence of an enteritis of the ileum or cecum, lest a fistula eventuate and that 
such a fistula will eventuate is well recognized by those who have had appre- 
ciable experience with this condition. When then should surgery be per- 
formed? It is a dictum of seasoned surgeons that operative measures may be 
undertaken when the plastic exudate incident to an acute episode has become 
organized and fibrous adhesions have taken its place. 

As to what comprises the most judicious surgical management, it is again 
agreed that in the presence of obstruction, a short-circulating operation, such 
as an ileotransverse colostomy, is all that should be undertaken. When the 
operation may be classed as elective, however, the surgical proponents seem 
to occupy two fundamental groups: First, those who advocate a two-stage 
procedure; and second, those who advocate a single-stage operation. Dr. 
Frank Lahey has formerly stood, and probably still stands, at the head of the 
two-stage school of thought. A great many at random surgeons advocate 
a one-stage operation when circumstances will permit. In our series a re- 
section of the involved bowel with an ileocolostomy was done in one stage 
in all save two of the entire series treated surgically. A preliminary ileo- 
transverse colostomy was done in one case which presented a classical picture 
of obstruction, and in the case where there was involvement of the sigmoid and 
fistulous communication with the urinary bladder a three-stage operation 
was successfully performed. The three stages consisted of, first, a resection of 
the involved ileum and sigmoid, with establishment of a single-barrel ileostomy ; 
second, an end-to-end anastomosis of the sigmoid, and third, an end-to-side 
ileo-ascending colostomy. 

Mortality—There was one death in our series. A resection of the right 
half of the large bowel was done in this case, with the establishment of an 
end-to-side ileotransverse colostomy in one stage. Four days postoperatively 
this man died of uremia incident to urinary suppression. The cause for the 
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urinary suppression was never definitely determined, but was attributed to 
sensitivity to sulfa drugs. There was no demonstrable evidence of blockage 
of the uriniferous tubules at autopsy and there was no peritonitis. 

Of the three cases in our series who were discharged to duty without 
surgical intervention, two received penicillin therapy. While it is in a con- 
siderable measure speculative, it is, nevertheless, believed that this drug was 
a very definite factor in the amelioration of symptoms in these cases. Peni- 
cillin was used in the acute phase of three other cases who ultimately came 
to surgery. There was promptly a notable drop in the temperature of these 
patients following the administration of this medicament. It is by no means 
fanciful to consider that Doctor Cutler may have in penicillin another very 
potent agent to add to his medical armamentarium. 


SUMMARY 

1. A general review of the salient features of regional enteritis has been 
presented. 

2. Surgical features related to the disease have been emphasized. A one- 
stage surgical procedure was employed in 12 out of 14 operative cases. 

3. There was one death which was definitely not due to a surgical com- 
plication, but for want of a more plausible explanation was attributed to sulfa 
drug sensitivity, with a consequent urinary suppression. 

4. Penicillin was used in five cases, all of which showed prompt clinical 
improvement. 

5. Three cases appeared to show complete resolution of their disease and 
were not operated upon. 

6. A report of 17 cases of regional enteritis with a tabulation of the 
common manifestations peculiar to the disease, along with other related data, 


is added to the literature. 
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THE SECOND FIVE-YEAR PERTOD EXPERIENCE IN 
TOTAL THYROIDECTOMY 


Artrnor E. Hertzzter, M.D. 
HatstTeap, Kansas 


One needs to live a lifetime with goiters to appreciate their protean 
nature. One may compare them, in the abstract, with malignant tumors in 
that they tend in the end to destroy life. The toxic type, due to epithelial 
hyperplasia, I long regarded as the most benign because after a stormy period 
they tended to burn out, leaving the patient with a minimum of ill health. It 
took me 40 years to appreciate that they, too, ended in a grand finale of 
cardiac death. 

The slowly developing tvpe progressed by degrees so that many years are 
required before they show their true character. Those who must depend 
on the written page for these facts are not so well impressed as those who 
live with these patients so as to be able to see and feel as well as hear this 
gradual approach to a cardiac death. 

Anyone who has taken the trouble to make a study of any goiter cannot 
fail to appreciate the fact that the part left at operation is ef the same struc- 
ture as the part removed. It is not too farfetched to appreciate the analogy 
of this procedure with the removal of a part of a malignant lesion. The con- 
fusing difference is found in the fact that instead of killing in two vears, as 
is the course in malignant disease, in the case of goiter it is spread over 
40 years. 

The universal practice of removing a part of the diseased thyroid gland, 
therefore, was not based on reason but was due to something else, namely 
to fear. The fear was based on a piece of most unscienttfic observation by 
the great Kocher. The dreaded cachexia thyropriva was based on the obser- 
vation of a single case, a boy aged ten years. Fear is always based on lack 
of confidence, due to misinformation. The fear that still deters surgeons 
from performing the obviously needed operation is dependent at the present 
time on the lack of exact anatomic knowledge. 

I confess, with humiliation, that my own approach to the obviously desir- 
able total removal of the goiter, based on the study of the goiter, was’ stayed 
by the observation of Kocher and the universal teaching that the thyroid 
gland was necessary to the individual throughout life. I had to face the fact 
that should the question be brought to the review of a court I could not 
depend on the support of a single surgeon. Only Professor A. C. Ivy recog- 
nized the fact that the entire thyroid can be removed from adult dogs without 
bad effects. Kocher scared the daylight out of the whole profession by his 
observations on a single human puppy. 

I was pushed into my first totals by the study of a particular type of gland. 
uniform in enlargement stationary over many years, uninfluenced by any 
expectant treatment and made worse bv partial removal. I was faced with 
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the choice of folding my hands in defeat, or doing something. Faced with 
these facts I reasoned that by removal of the entire gland though the patient 
would become myxedemic, as the professors taught, I could feed them 
thyroid extract and make them relatively normal. Much to my amazement 
these patients did not become myxedemic. Only then, after a rereading of 
Kocher’s original article did I understand that the whole scare was due to 
bad logic. The major premise ruled. One boy became myxedemic, there- 
fore, all total removals of the gland would be followed by cachexia thyropriva, 
that was Kocher’s reasoning. 

This then made it obvious that a study of the whole question of the 
physiology of the gland was necessary. This made it obvious that this study 
involved an anatomicphysiologic problem approachable only by the operating 
surgeon because it involved the study not of a state but of a process. It can 
be comprehended only by the surgeon working alone. The physiologist leads 
him astray and the pathologist working separately with only dead tissue 
merely obfuscates his confusion. The facts have proved this. 

This screed has been titled my second five-year period of total thyroidec- 
tomies. This is necessary because during the first five-year period it was 
impossible to gain accurate information. The resident who recorded the 
operations marked them all “subtotal.” Perhaps he felt that if the attorney 
for the plaintiff asked for the records they would show that some of the 
gland was left. Patients on leaving the hospital were given thyroid extract 
without waiting to see if they needed it or not. When the patient returned to 
the home doctor he vehemently proclaimed that the patient would have to 
take thyroid extract the rest of his life. When the records showed that the 
patients were still taking thyroid tablets it was my job to find out if it was 
needed. This delusion was abetted by the fact that when the ladies began 
to assume their normal cubic displacement they blamed it on the operation 
and continued taking thyroid extract, with the approval of the home doctor. 

Two factors came about to change the picture. The advent in this clinic 
of Dr. C. R. Schmidt, long-time assistant of Doctor Ivy, by his work on liver 
function changed the whole after-course. With the preoperative correction 
of the lowered liver function the whole picture changed. The patient no longer 
had the stormy postoperative course and left the hospital recovered. There 
was no longer any need of postoperative treatment. 

More careful operating was a gradual development. It is the experience 
of all surgeons that as his experience increases complications grow less. These 
complications had to do chiefly with lessening of nerve injuries and para- 
thyroid disturbances. The parathyroids:not only must be left but their blood 
supply protected. The result of the improvement due to the study of liver 
function and more careful operating has been such that the chapter in my 
hook covering the first five-year period now appears as a satire and I would 
have it regarded as such. 

My chief aides in establishing total ’ectomy as a method of procedure, as 
is usual in the experience of surgeons. has heen my patients. They leave the 
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hospital in a week or ten days stepping “high, wide and handsome,” declaiming 
to all and sundry advice and pills. 

I had demonstrated to my satisfaction that the thyroid gland having 
brought us to full development abandons us. This is evidenced by the fact 
that they do not suffer any physiologic disturbance after its total removal. 
Based on this evidence | have facetiously remarked that the gland seeing its 
mistake throws the lever in reverse, so that we will be eliminated at the end 
of three score and ten. This I will now present as an hypothesis to be checked 
at the end of the lives of my patients. I have delegated this terminal observa- 
tion to my grandsons. The study of thyroids of old people supports this 
hypothesis. 

It was necessary to formulate a procedure based on the belief, that the 
thyroid was concerned with our physical development. Observing young 
athletes I fixed the age of 21 years as the peak. Therefore, I would perform 
totals only on individuals above that age. Looking over old records I dis- 
covered that I had performed a total on a girl age 16; she was one of our 
kitchen girls. I sent for her post-haste and was delighted to learn that she 
was in perfect health, having also lost a disabling dysmenorrhea. Recover- 
ing from her operation she went back to her old job of feeding the patients. 
Since she did not leave the hospital she got no thyroid tablets, nor anything 
else. This brought to the fore another hypothesis: that the thyroid is con- 
cerned only in the development of sex. Since then I have performed totals 
on all patients who show by their contours that they are sexually mature. 
I would venture a total on all girls conscious of their shape. 

As above noted, with the passing years the complications have gradually 
grown less. This leads me to a discussion of the technic—no radical changes 
have been made but greater care in detail has been the constant endeavor. 

The first essential is operating under local anesthesia. Only by so doing 
does one obtain a bloodless field, making details of structure visible. Re- 
tractors and protecting frames are not used. 

Only from a cross-sectional anatomy does one obtain a picture of the 
relation of gland capsule, of the recurrent nerves and the parathyroids. These 
structures are said to sometimes lie inside the capsule. Perhaps in some 
regions but not in Kansas. I do not believe this is possible considering the 
embryologic development. In order to obtain a picture of the relation and 
extent of the fibrous capsule it is necessary to study the slides stained with 
a specific fibrous tissue stain. Tom Jones has made a careful drawing of 
such sections (Diseases of the Thyroid Gland, Hoeber, 1941). 

The essential thing is that nothing, absolutely nothing, is grasped with 
forceps until it is identified. The arteries are easily enough recognized. The 
lateral veins are so thin that when there is traction on the gland they are 
empty and appear only as thin bands of fascia. This is particularly true of 
septas between the lobules of complicated glands. All these septas contain 
veins which must be grasped before they are cut. 

In ligating the vessels after the lobe has been removed we stick through 
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a bit, a very small bit of tissue, just enough to prevent the ligature from 
slipping. If this is not done, coughing may throw the ligature from the end 
of the vessel. I have seen this happen before the wound was closed. 

The recurrent nerve is most apt to be endangered at the lower pole. Lahey 
has well shown that elevation of the lower pole brings the nerve with it. 
We do not expose the nerve but we stay above it and are sure we are not 
grasping it because we see before we use the forceps. In the light of my 
present knowledge I cannot understand how any nerve ever escaped my mass 
ligations in my early operations—too many did not. 

But that is not the whole story. Sometimes after some hours or days 
the vocal cords become involved. In a few days this clears up. The cords 
appear normal and the best explanation is that the nerves become edematous 
which interferes temporarily with their function. Sometimes the larynx 
becomes edematous and the mucus becomes annoying. Steam inhalations 
lessen this difficulty. 

This obstruction may be so great as to require a tracheotomy. After a 
few days the tube can be removed, and curiously enough the wound heals 
without infection. The need for tracheotomy has lessened to the vanishing 
point. Why, I do not know, except that a more careful technic to grasp 
nothing but vessels has gradually developed. 

Collapse of the trachea sometimes requires a tube. This is most likely 
to follow in old colloid goiters with calcification. If the trachea is soft we 
remove only one lobe. \When that wound is healed the other lobe is removed. 
Attention to this point has eliminated this difficulty, except sometimes the 
softness of the ‘rachea is not appreciated until the second lobe is removed. 
In such cases a tube is placed before the wound is closed. Such events have 
become rare indeed. The chief objection to placing a tube is that it gives 
one a sense of humiliation, just should not be. It hurts the surgeon more 
than the patient. 

Tetany has become a very rare complication since we are careful to 
separate the parathyroids from the capsule above the gland. being careful 
to respect the supplying vessel coming up from below. In some cases there 
is tingling for a few days with a lowered calcium content. We should have 
calcium determinations before operation. 

A word of caution is necessary as to what to expect from a total ‘ectomy. 
It will relieve only those symptoms due to the goiter. This means that a 
careful general examination is necessary before operation. A total ‘ectomy 
will not solve the problem of the fear of pregnancy, the blonde secretary, nor 
the income tax man, to mention only the most common; and now the worry 
over the safety of Johnnie overseas. 

I may say that B. M. R.’s are done before operation by a very competent 
technician of years’ experience. Also, no one pays any attention to the 
findings. Anyone who admits that a tin can knows more about goiters than 
he does has not become acquainted with the rudiments of the goiter problem. 

We suffer now chiefly from the sins of others, It is a dull day which 
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does not present at least one patient who has been previously. operated upon 
elsewhere. We divide these into two groups: Those who have been operated 
“at” and those who have been operated “upon.” The first are the work of 
amateurs who leave all or nearly all of the gland, producing only a superficial 
excoriation. This offers few difficulties at the second operation. Those 
operated upon by capable surgeons may offer real problems. If the patient 
has not been relieved of the symptoms due to goiter, we know they have 
some goiter left, whether one can feel anything or not; to this there are no 
exceptions. There may be only the heart sounds to go on after a delayed 
convalescence. If the operator has removed most of the gland, perhaps 
dislocated it to see how much he has left, perhaps cut the ribbon muscles, one 
may have a reai problem. Only a strip covering the recurrent nerve may 
remain. Here one finds his best lead at either pole. One may need to 
expose the nerve to be sure where it is located. Where the parathyroids 
are located only a “New Dealer” can tell. 

These labors have their rewards. These patients know when they have 
been relieved of the offending gland which has caused their trouble. This is 
true chiefly in the acute toxic of course with cellular hyperplasia. The 
colloid goiters are different. The degeneration comes slowly and finds ex- 
pression in the goiter heart. They are improved by biopsies and may be quite 
happy for years. I have had plenty of experience with my own patients some 
20 or 30 years after. Operated upon in those early years they still haunt 
my doorstep. 

As a corollary, I may refer to the spontaneous myxedemics. A total 
‘ectomy relieves the myxedema in some cases, and they bear healthy children. 
That is a problem for the physiologist. Myxedema is a complicated problem 
about which no one knows much. There are two classes, one with goiter, 
which show Hashimoto cells require total ’ectomy and those in which all 
vestige of thyroid tissue has disappeared. Exploration of the neck yields 
nothing. 

What are the indications for total removal? The presence of a goiter in 
which there is evidence of hyperplasia. This is signalized by hyperactivity 
or bosselations. Enlargement due to physiologic disturbance may recover. 
Those complicated by “chronic appendicitis,” that is to say ovarian pain, nearly 
all recover, even in spite of an appendicectomy. A few of these pass into a 
state of hyperplasia requiring operation. 


COMMENT 


The controversy of the advisability of total thyroidectomy is a thing of 
the past. The vastly improved results quiets all discussion. We have speci- 
mens, slides and hospital records of upwards of 4,000 patients upon whom 
we performed total ’ectomies. The complications are gradually lessening, 
which indicates that even greater care in technic is needed. We are delighted 
with our results, but not satisfied. So long as a single untoward result 
follows, the technic must he perfected. The basic surgical problem has heen 
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solved. The relation of the thyroid gland to the life span is a problem for 
the physiologist. It cannot be solved by edict. The fact that it has been 
demonstrated that physically mature persons when relieved of all their visible 
thyroid tissue enjoy good health, calls for a reéxamination of some basic 
problems on the part of the physiologist. 

We have had no experience with thiouracil. Even those with the most 
experience are uncertain of their results. That a cure ever results seems to 
ignore the pathology. We have found that with a careful attention to the 
liver function on patients not losing weight a total thyroidectomy is followed 
by little postoperative reaction. There is also the satisfaction of knowing 
what the slide shows. 
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AINHUM (DACTYLOLYSIS SPONTANEA) 
REPORT OF TWO CASES FROM ILLINOIS 
ARKELL M. Vaucun, M.D., Jonn W. Howser, M.D., 
AND 
GEORGE SHROPSHEAR, M.D. 


Curicaco, Ix. 


FROM THE DEPARTMENT OF SURGERY, LOYOLA UNIVERSITY SCHOOL OF 
MEDICINE AND COOK COUNTY HOSPITAL, CHICAGO, ILL. 


THE TERM AINHUM (dn’hum) is of African derivation, meaning to saw 
or to cut, and is given to a curious disease peculiar to the dark-skinned races, 
especially the Negro. It is characterized by a linear, narrow, fibrous con- 
stricting band beginning at the digitoplantar fold of the little toe. This 
constriction becomes deeper and deeper and produces a strangulation of all 
the tissues under the ring together with an absorption, and many times a 
pathologic fracture of the bone. Gradually the distal end of the toe becomes 
enlarged, bulbous and remains attached by a mere pedicle. Eventually there 
is spontaneous amputation of the toe, sometimes hastened by injury or 
gangrene. 

According to Spinzig,! Clark, in 1860, described a condition of dry 
gangrene of the little toe among the natives of the African Gold Coast and 
this is thought to be the first recognition of the disease later known as ainhum. 
A Brazilian physician, da Silva Lima (cited by Spinzig), first described 
and introduced the name ainhum in 1867, and the first pathologic studies 
were made by Wucherer, in Bahia, Brazil. 

Most of the cases of ainhum have been reported from South America. 
Africa, the West Indies, India, Central America, and Madagascar. It is a 
rare disease in the United States and extremely rare in the northern part. 
All patients reported in the United States were born south of the Mason- 
Dixon line except two, one in Ohio and another in Illinois. A search of the 
American literature reveals only one case previously reported from Illinois, 
and that by Dr. James B. Herrick? in the Chicago Medical Recorder in 1897. 

Spinzig,’ in 1939, analyzed 41 cases which included three reported by him. 
Since then ten cases, including our two, have been reported (Table I). The 
total is 51 cases in the United States since 1881, and the second and third 
cases from Illinois. 

CASE REPORTS 

Case 1.—L. S., a colored male, age 39, was born in New Orleans, Louisiana, where 
he lived until he was 11 years old. He then moved to Chicago, Illinois, where he has 
resided for the past 28 years. Two years ago he noted for the first time a constricting 


band about the base of the fifth toe of his left foot. The constriction was associated 
with pain in the toe. A soft corn was noted in this location previous to the onset of 


this constricting band. 

In July, 1943, he was admitted to the Cook County Hospital for a head injury. 
At that time a diagnosis of ainhum was made and amputation of the toe advised, which 
he refused to have done. 
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By taking hot foot baths twice daily for relief of pain, the patient managed to 
work the 18 months prior to entering the hospital. With the onset of cold weather 
in December, 1944, he began to have severe pain in the toe which interfered with 
walking and working. He entered Cook County Hospital, January 5, 10945, for 
amputation. 

His personal and family histories were negative. The physical examination was 
completely negative except for the left fifth toe which was characterized by a deep 
band-like constriction following the digitoplantar fold which gave the distal portion 
of the toe a bulbous, edematous, pedunculated, strawberry-like appearance, with dermatitis 
and superficial ulceration between the toes. The toe was tender and painful upon 
manipulation. With warm soapy foot soaks the inflammation subsided. 

The roentgenographic examination revealed soft-tissue constriction, with pathologic 





Fic, 1.—Case 1. (L. S.): Photograph of toes of left foot showing soft-tissue constriction 
of fifth toe due to ainhum. Note characteristic outward rotation of this toe. 


fracture and atrophy of the proximal phalanx of the left fifth toe, with rotation of the 
terminal phalanx. 

The urine and blood were normal, and the Kahn test was negative. 

Under sodium pentothal anesthesia, a metatarsophalangeal disarticulation of the left 
fifth toe, with removal of the distal end of the fifth metatarsal, was performed. 

Recovery was uneventful except for an upper respiratory infection which promptly 
responded to treatment. Healing was by first intention, and the patient was discharged 
from the hospital 11 days postoperative. 

Case 2——C. G., a colored male, age 47, was admitted to the Edward Lewis Surgical 
Service at the Cook County Hospital on February 17, 1945. He was born in Louisiana, 
had lived in many of the southern states, and had been a resident of Chicago for the 
past 17 years. 

He first noticed an indentation on the dorsum of the right little toe two and one-half 
years ago. Aside from a painful corn over this toe, he had no difficulty until six months 
ago when the pain became constant, gradually increasing in severity, and was present 
whether the patient wore shoes or not. Immediately prior to entering the hospital he 
was unable to sleep because of the pain. 

Nine years ago he noticed a constricting band about the base of the left fifth toe. 
It produced no symptoms until it was struck accidentally by a lump of coal. One week 
later the toe sloughed off. The defect healed uneventfully. 
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There is no family history of ainhum. 

On admission to the hospital the essential findings were limited to the fifth toe of 
the right foot which presented a soft-tissue constriction at the digitoplantar fold and 
appeared ankylosed. 

The roentgenographic examination revealed a pathologic fracture through the shaft 
of the proximal phalanx of the right fifth toe in the region of the constricting band, 
while the left fifth toe had been spontaneously amputated previously through the 


proximal phalanx. 
The urine and blood were normal, and the Kahn test was negative. 





Fic. 2.—Case 1. (L. S.): Anteroposterior roentgenogram of 
left toes. Ncte osseous changes in the fifth toe. The proximal 
phalanx is narrow, the cortex thinned, and there is a pathologic 
fracture, with rotation of the distal phalanx. 


Under sodium pentothal anesthesia, a metatarsophalangeal disarticulation of the 
right fifth toe was performed on March 5, 1945. Healing was by first intention and 
the patient was discharged from the hospital a few days later following an uneventful 
convalescence. 


ETIOLOGY 


The etiology of ainhum is not fully understood. Numerous theories have 
been advanced from time to time but none offer a satisfactory explanation for 
all cases. The leprosy theory, advanced by Zambaco Pacha, and others, has 
been abandoned since leprosy affects white and colored alike, whereas ainhum 
affects the colored races almost exclusively. Bacteriologic and _ histologic 
studies have found no evidence of leprosy. 

Syphilis has been present only in a minority of the cases. 

Infections and parasites as the Chigre would not affect the dark-skinned 
races exclusively. 
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To call it an annular scleroderma merely begs the question of etiology and 
ignores the racial factor. 

The term trophoneurosis does the same. 

Mechanical injury by the wearing of a ring or irritation by said or gravel 
in barefooted people seems not directly causative since the condition occurs 
in ringless and well-shod patients. 

The susceptibility of the colored race to fibrous tissue overgrowths (keloid) 
aggravated by injury to exposed parts has been cited as a possible cause 
by Pusey.* 

Heredity suggested as a factor by earlier writers played no part in the 
ten cases analyzed by us. 

Males are predominantly affected. Spinzig, in 41 cases, found the ratio 
of male to female two to one. In the ten cases reported in the United States 
since 1939, nine are males and one female (Table I). 

The disease occurs almost exclusively in the dark-skinned races, especially 
the Negro. Cases occasionally have been observed in Arabs, Hindus, Mus- 
selmen, Mongolians, and Chinese. According to Spinzig, only one white 
patient has been reported in the United States, and that case, in his opinion, 
was a complication of uncinariasis, an “ainhum-like” process, and was not 
included among his 41 “true’’ cases. 

The lesion involves one or both of the little toes usually. In the ten cases 
analyzed by us (Table 1) the left fifth toe was involved only once, the right 
fifth in three cases, bilateral fifth in five cases, the left fourth and fifth and the 
right third and fifth in one case. Pusey* agrees that the fifth toe is usually 
involved, but states that the fingers as well as toes are affected in a few cases. 
Spinzig believes that this latter type of involvement is probably due to the 
“ainhum-like” scar constrictions, and not true ainhum. No cases reported in 
the United States have occurred in the fingers. 


SYMPTOMS 


The symptoms of ainhum are purely local. There are no constitutional 
symptoms. The disease is characterized by the formation of a fissure or par- 
tial circular constriction in the skin beginning usually at the fifth digitoplantar 
fold on the inferior medial aspect. A warty soft corn is described as some- 
times being present at the onset of the disease. This was found to be present 
in three of the ten cases reviewed by us. Spinzig had eight cases with corns, 
calluses or warty growths at the onset of the disease. The fissure or furrow 
may appear on one fifth toe, the other remaining normal or becoming involved 
later, or it may appear simultaneously in both toes. Symmetry is the rule. 
The fissure deepens, spreads laterally and dorsally until the two wings connect 
on the dorsum of the foot. The toe eventually becomes completely encircled 
and the furrow becomes deeper and narrower as if a tight rubber band or 
ligature had been placed around it. This process continues until the toe re- 
mains attached by a mere slender pedicle. The bone, too, is constricted and 
may fracture. Beyond the ring of constriction the toe becomes enlarged, 
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bulbous and globular presenting the appearance of a strawberry or cherry at- 
tached to the foot by a pedicle. The nail usually remains and the skin becomes 
thick, dry and tough. 

Early pain was recorded in six of the ten cases reviewed by us, although 
many writers have not found this symptom early. Late pain is usually present, 
especially after a pathologic fracture. In the series reviewed by us late pain 
was present in nine cases and in one case there was no pain. Spinzig’s series 
recorded late pain in 34 cases, no pain in two cases, and no information was 





Fic. 3 Fic. 4 


Fic. 3.—Case 2. (C. G.): Photograph of toes of right foot showing soft tissue constriction of fifth 
toe due to ainhum. Note hyperkeratotic changes of toes, with characteristic outward rotation of fifth 
distal phalanx. 


Fic. 4.—Case 2. (C. G.): Photograph of toes of left foot showing absence of left fifth toe which 
was amputated spontaneously. Hyperkeratotic changes also present. 


available in the other cases. Spontaneous amputation occurred in one or both 
toes in three cases in the series reviewed by us. There usually in no ulceration 
nor inflammatory signs at the onset of the disease. Ulcerations may occur 
late in the disease. Spinzig found seven cases of late ulceration in his series 
and we four cases. 

The symptoms may extend over a period of years. The duration of the 
disease in the cases reviewed by us was from one month to ten years. 


PATHOLOGY 


At the site of the constriction there is a proliferation and hyperkeratosis of 
the surface epithelium, and fibrosis of the corium beginning at the digitoplantar 
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Fic. 5 





Fic. 6 


Fic. 5.—Case 2 (C. G.): Photograph of toes of both feet, plantar surface, with ainhum involving 
the right fifth toe and an absence of the left fifth toe. Hyperkeratotic changes are present on both feet. 


FioG— Case 2. (C. G.): Anteposterior roentgenograms of both feet. Ainhum constriction on right 
fifth toe. e is marked thinning of the distal end of proximal phalanx and complete destruction of 
bone under the constriction, with rotation of the distal phalanx. 

Left foot shows stump of proximal fifth phalanx following spontaneous amputation. 
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fold. Endarteritis and periarteritis develop distal to the band There is some 
perivascular infiltration of round cells. There is gradual connective tissue 
replacement of all the elements of the skin and subcutaneous tissues. The 








Fic. 7.—Case 1. (L. S.): Longitudinal section of toe. (x5). Note hyperkeratosis of 
surface epithelium and fibrosis of corium. 





ving —_ 

feet. Fic. 8.—Case 1. (L. S.): Longitudinal section of toe. (x12). Note fibrous tissue 
right replacing bone at site of pathologic fracture. 

on of 





constricted bone shows a rarefying osteitis. The constriction usually involves 
the shaft of the proximal phalanx of the fifth toe. The two distal bony 
phalanges remain surprisingly intact but occasionally show rarefaction and 
even fragmentation. 
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ROENTGENOGRAPHIC FINDINGS 

The characteristic roentgenographic findings are narrowing of the shaft, 
thinning of the cortex of the phalanx, pathologic fracture and rotation of the 
distal phalanx. 

In Case 1, the proximal phalanx of the left fifth toe is constricted, the 
cortex is thin and there is a fracture at this point, with rotation of the distal 
phalanges. Case 2 reveals complete absorption of the distal half of the right 
proximal phalanx, with rotation of the toe. The left fifth was already spon- 
taneously amputated. The proximal one-third of the proximal phalanx 
remained. 


DIAGNOSIS 
The condition is so unique and characteristic that diagnosis is easy except 
when seen for the first time. One who is unfamiliar with ainhum may mis- 
take it for leprosy, syringomyelia, Raynaud’s disease, neurotrophic ulcer, fis- 
sure due to injury, sclerodactylia, scleroderma, or congenital constriction 
from an amniotic band even after radiography, as happened in our second case. 


PROGNOSIS 
The general health is in no way affected. If the surgeon does not amputate 
the toe, nature will, but more slowly. The use of the foot is not impaired by 
the amputation. 


TREATMENT 
A metatarsophalangeal disarticulation, with removal of the metatarsal head, 
is the operation of choice. 


SUMMARY 


1. Two additional cases of ainhum are reported from Illinois. The first 
case reported from Illinois was in 1897, by Dr. James B. Herrick. 

2. A search of the American literature reveals these to be the fiftieth and 
fifty-first cases, respectively, reported in the United States and the second and 
third from Illinois. 

3. Ten recorded cases, including these two, occurring in the United 
States from 1939 to 1945 are analyzed. 

4. With the present influx of colored labor entering the United States 
from the West Indies, a preémployment examination of the unshod foot by the 
industrial surgeon is indicated, since this disease may be more prevalent than 
formerly considered and may pass unrecognized. 
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OBSERVATIONS ON THE SURGICAL TREATMENT OF HERNIA 
W. W. MacGrecor, M.D. 


Detrorr, Micu. 


IN PREVIOUS PUBLICATIONS” ® I called attention to certain facts in regard 
to the etiology and treatment of inguinal hernia. From this research and 
experimental work sufficient knowledge was gained to convince me that there 
existed in human beings a true inguinal sphincter about the internal abdominal 
ring and that the problem of the cure of inguinal hernia was intimately con- 
nected with the proper functioning of this sphincter. 

A particular interest in hernia led me to conduct various experiments, 
Relying on dissection alone, either on cadavers or dogs, was discouraging, as 
there were times when I could demonstrate this sphincter but others when | 
was not so certain. Then I realized that the presence of a sphincter is proved 
by observing its action; experimental work on dogs in vivo was conducted, 
and stimulation of the sphincter itself or of its nerve supply (a branch of the 
ilio-inguinal nerve) by means of the induction coil definitely proved that a 
sphincter did exist. This work is fully explained in the articles mentioned. 
However, since the operation necessary to demonstrate this action can hardly 
be performed on a live human being, the difficulty of presenting conclusive 
anatomic proof that this sphincter exists in human beings is clear. The best 
evidence that it does is that cases of inguinal hernia behave as though it did, 
and experimentation on live dogs shows that they possess this sphincter. 

Zimmerman® states: “The importance of the internal oblique muscle in 
safeguarding the inner opening of the inguinal canal cannot be over-empha- 
sized. Its action has been likened to that of a sphincter or shutter. . . . The 
efficacy of this sphincter can be demonstrated when local anesthesia is used 
in operations for indirect hernia. If a finger is inserted into the sac, extend- 
ing into the abdominal cavity, and the patient strains or coughs, the muscle 
can be felt contracting down upon the finger like a true sphincter.” Zimmer- 
man’s observations are in keeping with my own. I should like to add, how- 
ever, in connection with the ‘“‘shutter-like’ action which various writers 
describe, that as I experimented with dogs, I found that always the internal 
ring either contracted in toto or not at all, thus, behaving like a true sphincter 
instead of a shutter. 

Although the findings of Schrager and Gault? were not in accord with 
mine, their results were based upon dissections alone and do not vitiate my 
conclusions, I realize that at operation it is difficult and sometimes impossible 
to demonstrate this sphincter, however, this is not surprising when one 
considers the distortion due to the dilating effect of the hernial sac and 
contents, nevertheless, the plastic stitch upon this sphincter as advocated,’ 
has given me better results over a long period of use than other methods. 

Again, Harkins and Swenson‘ advocate a stitch in the transversalis fascia 
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about the cord, without its suture to the inguinal ligament, in order to restore 
the tonicity of the ring. This is practically the same procedure as I° suggested, 
NIA and the theory upon which their technic is based appears to be thoroughly 
in harmony with mine. 
gard . 
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Fic. 1.---(a) MacGregor stitch in the muscle structures about the 
icter cord, producing a snugness of the internal inguinal sphincter. This 
unites the fibers of the internal oblique and transversus muscles and 
does not include the inguinal ligament; or injury to the nerves. Two 
bs stitches may be used when the ring is greatly dilated. This and Figure 
with 1b completes the operation. 
(b) Showing the combination Stetten-Scott closure. All sutures are 
my tied external to the aponeurosis of the external oblique and a small V 
A made in the upper fiap opposite the cord. Note the exit of the cord 
sible in relation to the internal abdominal ring. 
one 
and My treatment of hernia based upon the existence of this sphincter, which 
red,° I° described in “The Fundamental Operative Treatment of Inguinal Hernia,” 
’ In 1930, has proved most successful up to this time in 357 cases, and recurrence 
scla has been very infrequent. Since I described my technic in that paper, 
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however, I have had occasion to modify it in certain respects. I wish here 
to describe these modifications. 

In the first place, where indirect hernia is large and of long standing, | 
now put two stitches instead of one in the lower part of the muscular ring 
which surrounds the cord at the internal abdominal ring, following the same 
principles, of course, as in the original procedure (Fig. t-a). Since, as | 
believe from my research work, it is the giving away of the internal inguinal 
sphincter which is the principal cause of the hernia, this simple procedure is 
practically all that is necessary. 


Aponcuros!> 





Fic. 2.—(a) Shows Stetten’s method of closure, and the over- 
lapping of the aponeurosis. 

(b) Scott’s method: Brings the cord through the overlapped 
aponeurotic flap at a point half way down the line of incision. This 
gives an oblique inguinal canal and permits the lower end of the 
wound to be closed firmly. (Watson—Hernia. 2nd Ed. 1938, Mosby.) 


Secondly, I said in my original article’ that the subsequent closure of 
the canal and the incision may be left to the choice of the operator, though 
I recommend the Willys-Andrews closure. Now, however, I pay little 
attention to the internal oblique or transversus muscles except in some instances 
which I shall explain later. I now use the Stetten® principle of closure 
(Fig. 2-a), but modify this slightly so that the opening in the aponeurosis of 
the external oblique is slightly below the exit of the cord (Fig. 1-b). This 
method preserves the oblique position of the cord in relation to the internal 
abdominal ring, and in this respect is based on Scott’s technic (Fig. 2-b). 
The combination of the two is illustrated in Figure 1-b, it is to be noticed that 
all suture knots are tied outside the canal and that a small relaxing cut is 
made in the aponeurosis opposite the exit of the cord. A new roof is made 
by suturing Scarpa’s fascia carefully over this. I prefer this method to a 
technic whereby the cord is placed on the internal oblique, and the aponeurosis 
of the external is sutured over and a new external abdominal ring is made. 
This is the Bassini closure, and my criticism of it is that an aperture is 
left in the suture line of the external oblique aponeurosis opposite Hessel- 
bach’s triangle. This aperture weakens the posterior wall and predisposes 
to a direct hernia. 

I always clean the aponeurosis of the external oblique muscle of the thin 
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membrane that covers its surface, since it heals better when freed of its 
overlying aerolar tissue. Studies* of the blood supply of the aponeurosis of 
this muscle show it contains very few blood vessels, but that the membrane 
to which I refer contains a fine network of nutrient vessels. These facts 
would appear to constitute an argument against removing it before beginning 
plastic repair. However, fascia or aponeurosis maintains its nutrition through 
its lymph supply. 

I should like to emphasize the fact that it is essential that throughout all 
the manipulations no injury be done to the ilio-inguinal or the iliohypogastric 
nerves, since traumatization of their motor fibers may defeat the purpose 
of the entire operation by producing a degenerative paresis of the internal 
inguinal sphincter. The hernial sac, of course, is always opened, explored, 
and after ligation, is not anchored to the abdominal wall as a cone-shaped 
process is to be avoided, and, further, it is important to remember that 
structures should never be sutured under tension. 

I find that I disagree with certain aspects of operative technic recom- 
mended by recent writers. For instance, McVay® states “that there is no 
justification for suturing the transversalis fascia or any other inguinal strata 
to the inguinal ligament—that the transversalis fascia, the aponeurosis of the 
transversus abdominis muscle, and the internal oblique muscle (when present 
in this location) should be sutured not to the inguinal ligament but to Cooper’s 
ligament; the inguinal ligament is a frail structure easily elevated from its 
fascial bed and in no way a suitable substitute for the normal anatomic 
insertion, which is Cooper’s ligament.’ Incidentally, the suturing of the 
transversalis fascia and the inguinal oblique aponeurosis to Cooper’s ligament 
was well described and well illustrated by Wayne Babcock,!® in 1927, who 
found it quite effectual in direct hernia as well as preventing femoral hernia. 
He cautions, however, that “care must be taken that the suture line is not 
carried so far laterally as to impinge on the femoral vessels.” For this 
reason and the fact that too much tension may be on the suture line, I prefer 
the technic as outlined. 

Most text books,!’ however, say that the aponeurosis of the internal 
oblique and transversus abdominis are inserted together into the crest of 
the os pubis and pecten pubis, forming the inguinal falx. Now, if one ex- 
amines closely the inguinal ligament he will see that it is reflected from the 
pubes as the lacunar ligament and that a little more laterally, as it runs along 
the ascending ramus, it becomes Cooper’s ligament. How far these muscles 
extend down before becoming tendinous is, I think, a matter of development ; 
likewise, I can see that the same may be said about their insertion; naturally, 
where this insertion is more lateral and posterior into Cooper’s ligament, 
as mentioned, Hesselbach’s triangle is greatly strengthened and direct hernia 
is not so likely to occur. 

Furthermore, I cannot quite agree with the statement that the inguinal 
ligament “is a frail structure.” My experience in the dissecting room and 
at the operating table is that if you get the deep shelving portion or true 
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ligament, it is a white glistening structure and not easily elevated. This 
appears reasonable when one considers that it is held down and continuous 
with the fascia lata of the thigh and medially with the iliopsoas fascia and 
more medially with the lacunar ligament and Cooper’s ligament. Under 
certain clinical conditions it can be used to anchor fascial structures. I notice 
further, that in excellent papers, published in 1938 and 1940, Zimmerman? 38 
sutures the transversalis fascia to the inguinal ligament and follows the concept 
of fascia-to-fascia without tension. 

In direct herniae, I invariably follow the technic of Hoguet,* whereby 
the peritoneum at the internal ring is demonstrated by making slight traction 
on the cord. The peritoneum is then opened and the finger inserted, a pro- 
cedure which insures that the bladder will not be injured, and the direct 
hernia is converted into an indirect. This is repaired by restoring the snug- 
ness of the internal ring, as described in my original article. The trans- 
versalis fascia can be overlapped on itself, or taken up by a purse-string 
suture, or sutured to the inguinal ligament and the triangle further strength- 
ened by a modification of Downes’ technic, as suggested by Fallis,!° whereby 
an incision two or three inches long is made a little to the midline of the 
lateral border of the rectus sheath, with the handle of the scalpel freeing 
the sheath from the muscle underneath for quite some distance, especially 
medially. This procedure relieves the sheath from the pull of the opposite 
side through the linea alba and allows it to be brought over to the inguinal 
ligament, and combined with the modified Stetten’s closure, completes the 
operation. In both indirect and direct hernia I transplant the cord as men- 
tioned. Criticism, if any, of this procedure is that the cord structures may 
be strangulated. And my answer to this is, frankly, not if it is done 
correctly. 

Since reporting this work,’ ° I realize that my series of 357 cases is not 
very large; 273 were of the indirect type and include pantaloon type as well 
as those complicated by hydrocele of the cord or of the scrotum or of a sac 
within a sac. Contacts have been made with 111 and two recurrences noted 
(1.8 per cent). Eighty-four of the 357 were of the direct type, and 34 
traced with one recurrence (3 per cent). The recurrences in the indirect 
type occurred before I began using two stitches in the internal sphincter in 
cases where the ring was greatly dilated. Most of these cases were switchmen 
and sectionmen whose occupation subjects them to quick falls or slips 
especially while lifting, and it is interesting to note how this etiology fits in 
with that previously reported... The recurrence in the direct case was on a 
very large, rather stout section hand, I used the technic as described, but it 
recurred, and was reoperated. In fairness I may say that he went back to 
heavy work sooner than advised. 

In conclusion, I wish to say a word about the Bassini type of operation. 
Some years ago, as an intern in Harper Hospital, I noticed that this was the 
operation most frequently performed. We now know that recurrences were 
very high, 20 per cent or over. On the other hand, we know that some of 
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these Bassini cases did obtain a good result. Why was this? Muscle 
bundles deprived of function by surgical interference or disease atrophy and 
leave only connective tissue, and when they are forcibly pulled out of their 
natural line and sutured, what union does take place is in a thin nonresisting 
layer of scar tissue. Therefore, in children with immature muscles and in 
adults with strong muscles, the Bassini is sometimes harmful. But in older 
persons and cases where the muscles are frequently stretched, as we some- 
times see in direct hernia, the internal oblique and transversus (conjoined 
tendon) may be brought over with the upper flap of the aponeurosis of the 
external oblique under the cord and sutured to the inguinal ligament, in this 
instance acting merely as a buffer to help strengthen the aponeurosis. So 
it was probably in some of these cases with high ligation of the sac that the 
Bassini was of value and constituted a cure. 


SUMMARY 


Attention is again called to the suture of the internal inguinal sphincter, 
as first advocated by me in 1930, as a result of my original research work 
in 1929. The use of this technic over 14 years has convinced me that high 
ligation of the sac without anchorage to the abdominal wall, and transplanta- 
tion of the cord with a modified Stetten’s closure is all that is necessary in 
indirect herniae. The suggestions given for the repair of direct hernia and 
indirect hernia are based upon etiologic, physiologic, and anatomic studies. 


Note: There are many points on symptoms, subjective and objective, which I should 
like to dwell upon for the benefit of the intern and students; but space will not permit. 
Let me say, however, that in making difficult differential diagnoses between a direct 
and indirect hernia, a helping point is that a direct hernia does not have a tunica 
vaginalis and, consequently, never enters the scrotum, while an indirect one does have, 
and may or may not enter the scrotum. 


REFERENCES 

1 MacGregor, W. W.: The Demonstration of a True Internal Sphincter and Its Etiologic 
Role in Hernia. Surg. Gynec. and Obstet., 49, 510-515, October, 1929. 

2 Schrager and Gault: Fibrous Peritonitis of Neck of Hernia Sac. Surg. Gynec. and 
Obstet., 52, 836-840, April, 1931. 

8 Zimmerman, Leo: Essential Problems in the Surgical Treatment of Inguinal Hernia. 
Surg. Gynec. and Obstet., 71, 654, November, 1940. 

¢ Harkins and Swensen: Coopers Ligament Herniotomy. Surg. Clin. North Am., 23, 
1279, October, 1943. 

5 MacGregor, W. W.: The Fundamental Operative Treatment of Inguinal Hernia. 
Surg. Gynec. and Obstet., 50, 438-440, February, 1930. 

6 Described by L. G. Watson: Hernia, C. V. Mosby, St. Louis, 1938. Pp. 188-180. 

7 Described by Watson, ibid. 

§ Cowell, E. M.: Recent Advances in Surgery of Hernia. Lancet, 50, 478, March 
5, 1027. 

® McVay, C. B.: An Anatomic Error in Current Methods of Inguinal Herniorraphy. 
ANNALS OF SURGERY, 113, III, June, 1041. 

10 Babcock, W. Wayne: The Ideal in Herniorrhaphy. Surg. Gynec. and Obstet., 45, 
534-540, October, 1927. 


883 








- 


1 


13 


14 


~ 


5 


- Annals of Surge 
MacGREGOR November, 1942 


Gray’s Anatomy. Edited by Robert Howden. Longmans, Green and Co., London, 
1926. 23rd Edition. P. 479. 
Morris’ Anatomy. Edited by C. M. Jackson. Blakeston, Philadelphiz, 1925. 8th 
Edition. P. 1390. 

McVay and Anson: Current Methods of Inguinal Herniorrhaphy. Surg. Gynec. and 


Obstet., 74, 748, March, 1942. 
Zimmerman, Leo: The Surgical Treatment of Direct Inguinal Hernia. Surg. Gynec. 
and Obstet., 66, 193, February 1, 1938. 
Hoguet, J. P.: Direct Inguinal Hernia. ANNALS oF SURGERY, 72, 671, December, 1920, 
Fallis, L. S.: Direct Inguinal Hernia. ANNALS OF SURGERY, 107, 572-581, April, 1938. 


884 














THE USE OF HETEROGENOUS FASCIAL GRAFTS IN THE 
RADICAL OPERATION FOR HERNIAE 
Jacosp CuHanpy, M.B., B.S. 


FROM THE BAHRAIN MISSION HOSPITAL, BAHRAIN, PERSIAN GULF 


AttTHouGH the standard procedures for the repair of inguinal herniae 
have been modified by the use of fascial grafts, recurrences still take place 
with considerable frequency. In certain individuals with herniae which are 
difficult to repair, the fascia often seem$ of poor quality. Therefore, when 
Koontz and Hass showed that properly prepared ox fascia would, heal firmly 
in human tissues and remain apparently for an indefinite period, it was decided 
to utilize this principle in herniorrhaphy. Experience with 158 patients, 
with follow-up studies of from ten months to four years on a specified group 
of 53, is presented. 


PREPARATION OF THE PRESERVED FASCIA 

Deep fascia of ox or cow can be used. As soon as the animal is killed, the 
skin and superficial fascia are removed from the abdominal wall and the 
deep fascial layer excised. Deep fascia from the thigh also may be used. 
Such fascia is placed in a solution containing 70 per cent alcohol for about 
two hours, after which any remaining fragments of muscle or areolar tissue 
are cleaned from it. It is then cut into pieces, approximately 2 x 1.5 inches, 
and transferred to absolute alcohol. All procedures are aseptically performed. 
After about two weeks the fascial grafts are ready for use. 


TECHNIC OF THE OPERATION 

Suture Materials—Only cotton is used; cotton No. 60 for ligation of ves- 
sels and suturing subcutaneous tissue, and cotton No. 40 for suturing fasciae. 

Plan of the Operation——tThe neck of the hernial sac is separated from the 
sac, ligated and anchored under the falx inguinalis. A sheet of ox fascia, 
about 2 x 1.5 inches, is then grafted at the weak area, external to the peritoneum 
and deep to the falx inguinalis and rectus muscle. The fascia is sutured to 
these muscles and to Poupart’s ligament and the pubic tubercle. The aponeu- 
rosis of the external oblique and skin are sutured over this in layers. 

Details of the Procedure.—1. After routine preparation of the operative 
site by shaving and cleansing with 5 per cent tincture of iodine and alcohol, 
an incision is made beginning from the inner side of the anterior superior iliac 
spine about 1.3 cm. (0.5 inch) above Poupart’s ligament, passing obliquely 
downward and ending about 0.6 cm. (0.25 inch) over the pubic tubercle, 
being about 7 or g cm. (3 to 3.5 inches) long. The difference between this 
incision and the usual Bassini’s incision is its extension over the pubic tubercle. 
This makes the exposure of the lower angle very easy and clear for the 
implantation of the fascial graft. 

2. Skin and superficial fascia are divided, and after ligating bleeding 
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vessels and fastening the skin towels to the skin edges, the edges of the 
wound are retracted, exposing the aponeurosis of the external oblique. 

3. The fibers of the external oblique are slit in the direction of the skin 
incision, and by blunt dissection the upper edge of the cut aponeurosis is 
separated inward and upward, exposing the falx inguinalis and part of the 





Fic. 1.—Showing the incision—extension of Bassini’s incision over to the 
pubic bone. 


rectus sheath. Similarly, the lower edge of the cut aponeurosis of the external 
oblique is dissected downward and outward to Poupart’s ligament. The 
inguinal canal is thus exposed. 

4. By blunt dissection with forceps, the neck of the hernial sac is easily 
identified. The sac is surrounded by the infundibuliform fascia, the cord 
with its vessels lying posteriorly and often adherent thereto. 

5. The neck of the sac is held between forceps and opened, care being 
taken that there is no intestinal content in the sac, adherent or otherwise. 
The neck is resected, the cord and its vessels being carefully separated by 
blunt dissection. 

6. The neck of the sac is thoroughly dissected so that the peritoneum around 
the neck of the sac is free from its superficial structures. 
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a A curved needle is passed through the falx inguinalis about one inch 
above its lower border, guided by one finger placed through the neck of the 
sac into the peritoneal cavity, care being taken all the while that no part of 
the abdominal contents is injured in the process. The needle is brought out 
at the neck of the sac, and a purse-string suture is inserted around the neck 
and taken back to the muscle, guided by a finger in the abdominal cavity. 


Poupart's 7 
ligament ~ 





Fic. 2.—Exposed area ready for fascial graft implantation. 


By tying this suture, the neck of the sac is closed and brought behind the 
muscle. 

8. Poupart’s and Cooper’s ligaments and the pubic tubercle are well 
cleaned and exposed by blunt dissection. The outer border of the lower end 
of the rectus muscle, the inner surfaces of the same and the inner surface 
of the falx inguinalis up to Poupart’s ligament are separated by blunt dissec- 
tion from the deeper peritoneal and preperitoneal structures. 

9. The cord is now grasped within a strip of gauze and held out of the 
way until the new bed is made for it. 

10. The preserved ox fascia, about 2 x 1.5 inches, is dried of alcohol 
between gauze and placed on the area. One long border of the fascial graft 
is sutured to Poupart’s ligament by four interrupted sutures. The lower 
corner is sutured to Cooper’s ligament and the inferior border is fastened to 
the periosteum of the pubic bone, taking care to include a good part of the 
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periosteum. A slit is made about one-half inch in length on the upper border 
of the graft, and the cord is passed through this opening. A suture is passed 
through the falx inguinalis, while the muscle is being lifted by a retractor, 
continued through both corners of the slit ends of the graft, carried back 
through the muscle and tied. The fascial graft is thus anchored under the 
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Fic. 3.—Fascial graft in situ. 


falx inguinalis, allowing a passage for the cord. Two sutures are used to 
anchor the fascia under the conjoined tendon and two to secure the fascia 
under the rectus sheath on the medial side. Sometimes it may be necessary 
to slit a part of the rectus sheath to insert the fascial graft under that muscle. 
Now, the fascia is well anchored to Poupart’s ligament, the pubic tubercle 
and under and to the falx inguinalis and rectus sheath, the cord passing 
through a narrow slit in the fascia. 

11. The cut edges of the external oblique aponeurosis are next sutured 
and the wound is closed by interrupted sutures. 


ANALYSIS OF A PERSONAL SERIES OF CASES* 


One hundred and fifty-eight consecutive cases of hernia have been repaired 





*I am grateful to Dr. P. W. Harrison, Bahrain, for his assistance and suggestions, 
as it was under his supervision that this work was carried out. 
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by the above method. No case was considered as unfit for operation because 
of old age, long duration of hernia, economic condition or any other cause. 
One hundred and four were indirect herniae, 46 direct herniae, and 8 
were sliding herniae. Of these, 62 cases were over 50 years of age. One 
hundred and eight patients had herniae of five or more years’ duration. Twen- 
ty-two patients had herniae of the size of a football, the largest extending 
to the level of the knees when the patient was standing. 





Fic. 4.—Aftter the closure of external oblique fascia. 


All of these 158 patients were discharged from the hospital within 7 to 
12 days, the majority on the ninth day. Two patients had mild skin infection 
which healed within 5 to 8 days, thereby prolonging the hospitalization 
that many days. One of the patients had a strangulated hernia, and the 
other had had a previous skin infection at the site of incision. All of the 
patients were allowed to return to normal life and duties one week after 
discharge from the hospital, which was within three weeks of the time of 
operation. 

The operations were performed in the Bahrain Mission Hospital, Persian 
Gulf, in an area where there is no other hospital equipped to do major 
surgery. The earlier cases were operated upon four years ago, and the most 
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recent one in this series 10 months ago. Fifty-three patients, most of whom 
were laborers, were employees of an oil company. Careful follow-up studies 
are being kept on them by monthly medical examinations, as they are still 
in the employ of the company. Among the others of this series, 79 were 
from the mainland of Arabia, or Persia, where there is no possibility of 
any treatment. The patients from these regions can only report to the Bahrain 
Hospital for their complaints. The remainder, 39 cases, were from the local 
island, and, as far as possible, a close follow-up was kept on them. Thus 
far there have been no recurrences. 





Fic. 5.—Section of preserved ox fascia grafted in human tissue for four years 
shows good capillary growth at the periphery. A network of collagen fibers and fibroblasts 
has grown into the fascia, dividing it into bundles, the nuclei of the original fascial 
fibers having almost disappeared. 


FASCIAL SURGERY 


In 1910, Kirschner pointed out the fact that free fascial grafts could be 
successfully employed in the repair of herniae and introduced the method of 
hernioplasty. In 1921, Gallie and LeMesurier! reintroduced this subject. 
These authors employed strips of fascia lata from the thigh and used them 
as suture material to reinforce the weak posterior wall of the inguinal canal. 
In studying cases operated upon for recurrent inguinal hernia where an 
operation of the Bassini type had been performed, these observers found that 
in most cases no evidence of any previous muscle and fascia sutures remained. 
The same fact was also noted by Cudard and Jean” * in the following year. 
Large series of experiments were carried out by them and the following con- 
clusions were reached: 
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1. Edge-to-edge suture of fascial wounds.is not strong. 

2. Overlapping does not add to the solidity of the scar. 

3. Cleaned fascial surfaces unite better than when areolar tissue is left 
in between. 

4. Side-to-side suture of the undamaged conjoined tendon to Poupart’s 
ligament never leads to permanent union. 

5. Living fascial strips become rounded and are soon organized as fine 
tendons. 

In 1933, in his series of cases, Rives* formulated these conclusions: 

1. Deprived of function, muscle atrophies. 

2. Muscle offers no resistance to force perpendicular to its fibers. 

3. Fascia is the ideal material for suturing. 

So far, the multiplicity of operations for repair of herniae, and the differ- 
ences of opinion regarding the mode of repair, showed that no one operation 
could be standardized as suitable to all conditions. 

Later, in 1938, Harrison’ advocated the use of preserved or living fascia 
intraperitoneally at the internal ring as a graft or patch without caring for 
the sac in the repair of herniae. Owing to the laxity of the peritoneum in 
old and recurrent herniae, there had been a few recurrences even with 


this method. 


CONSIDERATIONS OF THE ANATOMY OF THE INGUINAL 
REGION IMPORTANT IN THE FORMATION OF HERNIA 

The area of the inguinal region which is not protected by well-formed 
muscular layers and fascia, especially in a pendulous, flabby abdominal wall, 
is the site of hernia, either direct or indirect. In long-standing, large herniae, 
the internal and external abdominal rings are opposite to each other and the 
aponeurotic fibers of the external oblique, near to the pubic tubercle, are so 
much stretched and separated that they are very thin and have very poor 
strength. This is especially so because the direction of the fibers of the 
external oblique aponeurosis is nearly parallel with the inguinal canal, hence, 
the fibers can easily be separated and cannot give sufficient support to prevent 
hernia formation. 

The lower border of the internal oblique muscle arches over medially and 
runs almost horizontally until it reaches the rectus sheath at the semilunar line. 
Together with the lower border of the transversus abdominus muscle directly 
beneath, it forms the muscle border (falx inguinalis), which forms the superior 
border of this weak area. Medially is the rectus muscle with its sheath and 
pubic bone, and inferiorly is the inguinal ligament which runs from the pubic 
tubercle laterally and upwards to the falx inguinalis. The internal ring and 
the Hesselbach’s triangle occupy this area. Because of the presence of the 
cord and its coverings, the most poorly protected region is at the inferior 
medial angle. 

After the hernia, either direct or indirect, has been present for some time, 
especially in old people with loss of muscle tonus, the local fascia which is 
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available for repair work is so poor that it cannot be of much value. It is 
no surprise then that cases of this nature form the large majority of re- 
currences. 


RESULTS OF STANDARD PROCEDURES FOR HERNIORRHAPHY 


From a number of the largest and best surgical clinics,® follow-up reports, 
based on actual examinations of all types of inguinal herniae for two years, 
show from 5 to 10 per cent of recurrences after operation for indirect hernia 
and from 15 to 35 per cent after operation for direct hernia. 

From the above consideration of the surgical anatomy of the inguinal 
region, it becomes evident that the operation for the radical cure of inguinal 
herniae should be based on strengthening the above described weak area of 
the inguinal region. Since repair of this region without heterogenous materials 
was not successful, especially in long-standing, direct herniae, which constitute 
a large percentage of those that recur, a method of heterogenous fascial grafts 
in the radical operation for herniae was developed. 

In this connection, the works of Nageotte and Sencert,® and Koontz’ are 
important. They brought forth a new conception of the character of fibrous 
tissue. They found that after preservation in 70 per cent alcohol, ox fascia, 
upon introduction into the human body, is not absorbed, but remains per- 
manently in place unmodified in thickness and size. Also, Hass® has shown 
by his extensive experimental work that dead and preserved fascia united with 
other living structures as rapidly and firmly as did live fascia. Hence, in 
these heterogenous grafts in the radical operation for herniae, the preserved 
ox fascia not only remains permanently in place but unites with the living 
structures in situ, thereby, giving more strength and permanency to the repair. 

From an anatomic and physiologic standpoint, heterogenous fascial grafts 
in the radical operation for herniae offer a permanent cure, without recur- 
rences. This procedure is applicable to all types of cases. The probable 
objection is the possibility of infection because of the introduction of the 
foreign body. With moderate care, there is no need for such a fear. 


SUMMARY 


A short history of operative treatment of herniae is presented, with par- 
ticular reference to the use of fascia. 

The work of Hass on the use of preserved ox fascia in the living dog has 
been extended to patients. Especially prepared ox fascia appears to heal 
solidly in human tissue. 

An operation for repair of direct and indirect inguinal hernia based on 
this observation is described. 

Experience in 158 cases, with follow-up observations on a series of 53 
employees of a firm providing routine medical examinations at monthly in- 
tervals, is presented. There were no recurrences in this latter group after 
periods of observation ranging from ten months to four years. No recurrences 
were reported in the other 105 patients. 
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RENAL DECAPSULATION FOR TRANSFUSION OLIGURIA 


CoLoNEL JoHn H. Lyons, M.C., A.U.S., 
AND 
Magsor SamMvuet L. Raines, M.C., A.U.S. 


IN RECENT YEARS the incidence of unfavorable reactions after transfusions 
has shown a marked decrease. This is due to two factors: (1) more care in 
matching of the donor’s blood with that of the recipient; and (2) the general 
adoption of the method of using citrated blood. This method permits the 
blood to be given slowly and thus prevents overloading of the circulation, 
which at times is a serious consideration. Unfortunately, however, unfavor- 
able reactions still continue to occur, and, in all probability, will continue to 
occur from time to time. 

The most serious of these are the hemolytic reactions, which are practically 
always due to incompatibility between the bloods of donor and patient. The 
incompatibility may be due to mistakes in grouping, or to intragroup differ- 
ences, the factor most frequently responsible for the latter being the Rh 
agglutinogen of Landsteiner and Wiener. 

The symptoms of an hemolytic reaction may be so slight as to escape 
notice, or so severe as to cause almost immediate death. Sometimes several 
days may intervene between the transfusion and the onset of symptoms due 
to hemolysis, and these may then be laid to the condition for which the trans- 
fusion was performed and their true nature not recognized. On the other hand, 
manifestation of the disease may be laid to the remedy. 

The first symptoms of a typical hemolytic transfusion reaction usually 
start during the injection of the blood. The patient may develop a chill, pre- 
cordial oppression, fullness of the head, tingling sensations, pain in the lumbar 
region, flushing of the face, distention of the veins of the neck, restlessness, 
dyspnea, anxiety, vomiting, coughing and collapse. These may not be evident 
if the patient is under a general anesthetic. Whenever any of these symptoms 
are noted the transfusion should be stopped at once. If the patient withstands 
the immediaate reaction he develops oliguria or anuria and icterus, and later 
passes into the stage of renal failure characterized by stupor, edema, convul- 
sions, coma and death. A few cases of anuria following transfusions without 
evidence of hemolysis have been reported. In these cases the anuria may have 
been due to the condition for which the transfusion was done, or the hemolysis 
may have escaped detection. 

It is generally accepted that the renal symptoms are due to the hemoglobin 
released from broken down erythrocytes. When this exceeds a certain 
concentration level in the blood it passes out through the kidneys damaging 
the kidney parenchyma, causing a spasm of the renal artery, and producing 
a blocking of the tubules. According to Baker and Dodds, when the urine is 
alkaline the hemoglobin remains in solution and passes through the kidneys 
without causing damage, but when the urine is acid the hemoglobin is con- 
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verted into acid hematin which blocks the tubules. On this basis Daniels, 
Leonard and Holtzman have suggested alkalinization of the patient before 
transfusion. It is interesting that as early as 1875 Ponfik suggested that renal 
insufficiency following transfusions was due to mechanical blocking of the 
tubules by blood pigment. 

There have been very few postmorten studies on patients who have died 
because of hemolytic transfusion reactions. Examination of those who died 
immediately have shown multiple thrombosis. Those who died of uremia have 
shown swollen kidneys with dark-colored pyramids. Microscopically, the 
tubular epithelium shows degenerative changes and the tubules contain brown- 
ish pigmented material and pigment casts. Necrotic foci have been found in the 
liver and severe hemorrhagic and ulcerative changes in the colon. 

In the typical case the prognosis is always serious, the mortality rate being 
about 50 per cent. Bordley collected 17 cases from the literature, of which 
11 died, and Wiener states that Golding and Graef reported seven cases with 
three deaths. Daniels reported 13 nonoperative cases with seven deaths. 
Death may occur from the fourth to the 18th day. 

As stated above, on detecting the first suspicious symptoms the transfusion 
should be immediately discontinued. Then every effort should be made to 
induce diuresis by intravenous injections of solutions of glucose and salt, and 
the urine should be alkalinized by administration of sodium lactate or sodium 
bicarbonate. If the patient fails to make satisfactory improvement under these 
measures a unilateral decapsulation of the kidney should be considered. 

Decapsulation of the kidney has had its ups and downs through the years. 
It has been recommended and carried out for many conditions. At times 
it has ridden the wave of popularity and at other times has been in ill repute. 
In recent years it has been almost entirely discredited. 

Very few reports of cases of renal decapsulation for oliguria and anuria 
following transfusion have appeared in the literature. Abeshouse collected 
three cases, all of which recovered, and we have been able to add one case 
from the literature, which terminated fatally. 

Bancroft’s case secreted one ounce of urine the first day after transfusion, 
one ounce the second day, and in the next seven days the largest amount 
secreted in any 24 hours was six ounces. Nine days after transfusion a decap- 
sulation of both kidneys was done. The day following decapsulation she 
secreted 9.5 ounces of urine, and this increased every day until the fifth day 
when she secreted 51 ounces. She made a good recovery. 

The case of Flo and Cummings was catheterized 12 hours after trans- 
fusion, and 200 cc. of black urine obtained. Then her urinary output was 
between 60 and 90 cc. for 24 hours for a week. Nine days after transfusion, 
when her condition was desperate, a unilateral decapsulation was done. In the 
first 24-hour period after operation she produced 211 cc. of urine; the next 
24-hour period produced 625 cc. In the next 24-hour period marked diuresis 
started and continued until she made a complete recovery. 

Ravich’s case had two transfusions, using the same donor, given two 
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days apart. She had a typical hemolytic reaction, with severe oliguria. Three 
days after the second transfusion a unilateral decapsulation was done. In the 
first 24 hours after operation she voided 325 cc. of urine; during the second 24- 
hour period 1,500 cc. The third day postoperatively her output was 4,980 cc. 
The fourth day it was 5,200 cc., and she went on to make a good recovery, 

Beraud’s case developed hemoglobinuria the day after transfusion. By the 
third day she was anuric. This persisted until the sixth day after transfusion 
when decapsulation of the right kidney and nephrostomy were done. On the 
evening of the same day the urinary flow was established. The patient, how- 
ever, died two days later. 

The beneficial effects of decapsulation of the kidney have been ascribed to 
various factors: mechanical relief of intracapsular pressure; interruption and 
destruction of sympathetic nerve supply of the kidney, with resultant improve- 
ment in renal circulation and increased urinary secretion; development of a 
new collateral circulation; increased drainage of lymph from the denuded 
kidney surface; and nonspecific protein shock. The weight of evidence indi- 
cates that the two factors first mentioned are the most important. For a 
thorough discussion of all the aspects of decapsulation the reader is referred 
to an excellent paper by Abeshouse which was just recently published, 

Decapsulation is not difficult to perform, and carries in itself very little risk 
to the patient. After exposure of the kidney through the usual lumbar incision 
the cortex of the kidney is delivered into the wound and a longitudinal inci- 
sion made through the capsule. With the finger the capsule is easily lifted from 
the kidney substance all the way to the hilum and excised. It apparently 
suffices to perform the operation on one side only. An unilateral decapsulation, 
of course, carries much less risk than bilateral, but it can be conceived that 
under certain conditions a bilateral decapsulation may be indicated, possibly 
in two operations. 

The seriousness of hemolytic transfusion reactions with oliguria or anuria 
and the scant attention that decapsulation of the kidney has received as a 
remedy for this condition prompt the following report: 


Case Report.—A 33-year-old infantryman was wounded in action 12 December, 
1944, and sustained compound, comminuted fractures of both lower extremities. A 
guillotine amputation was done through the right thigh at the junction of the lower 
and middle thirds and through the left leg six inches below the knee, and he was later 
shipped back to the Zone of Interior and admitted to a General Hospital 10 January, 
1945. On 3 April, 1945, he had revision of both stumps, under spinal anesthesia. During 
the operation he received 500 cc. of blood of his homologous group. (The patients blood 
was Group O and Rh-positive. The donor’s blood was Group O and KRh-negative.) 
No untoward symptoms were noted during the transfusion except restlessness. Follow- 
ing operation his pulse was elevated and he was somewhat disoriented and perspiring 
freely. He was, therefore, given oxygen and intravenous normal salt solution containing 
sodium lactate. By the next morning he had not voided so he was catheterized and 120 
cc. of brownish urine obtained. This was examined and found to be acid and contained 
-- + + + albumen and numerous red blood cells. By this time his skin showed a tinge 
of icterus. The blood of the patient and that of the donor were again carefully examined 
and previous findings confirmed. Both donor and recipient were Group O; the recipient 
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was Rh-positive, the donor Rh-negative, and cross-matching showed no agglutination; 
furthermore, no cold agglutinins were demonstrated. 

By the morning of 6 April, 1945, three days after his transfusion, he had secreted 
only 210 cc. of urine in all, 120 cc. of which had been obtained by catheterization the 
morning following transfusion and 90 cc. had been secreted during the last 48 hours. 
Uranalysis on this day was reported as follows: Color brown, character opaque, reaction 
alkaline, Sp. Gr. insufficient quantity, albumen + + + +, sugar negative, bilirubin nega- 
tive, urobiligen negative; microscopic examination numerous red blood cells, abundant 
amorphous matter, occasional large macrophage, occasional granular cast. His N.P.N. 
was 100 mg. per 100 cc., and his creatinin 2.7 mg. per 100 cc. The patient was edematous 
and very drowsy and confused, and was vomiting continuously. It was the opinion of 
all who saw him that he was becoming rapidly worse and would undoubtedly die unless 
diuresis could be induced in some way. Since a three days’ trial of medical treatment, 
consisting of administration of normal salt and glucose solution intravenously and alka- 
linization of the urine, had failed to check his downward course, it was decided to per- 
form an unilateral kidney decapsulation without any further delay. 

This was carried out under spinal anesthesia reinforced by local infiltration and 
sodium pentothal. Exposure of the kidney was very easy. The kidney was markedly 
swollen and darker in color than normal. On incising the capsule the cut-edges imme- 
diately separated widely, and kidney parenchyma bulged into the incision, demonstrating 
the greatly increased intracapsular pressure. The capsule was easily separated from the 
kidney with the finger and excised. The kidney was dropped back and the wound closed 
without a drain. 

Following operation his improvement was dramatic. In the first 24 hours post- 
operatively he secreted 80 cc.; in the next 24 hours 368 cc.; in the next 24 hours 2,120 cc., 
and in the next 24 hours 5,010 cc. His edema rapidly cleared up with the onset of diuresis 
and his vomiting ceased. His confusion, however, persisted for about ten days. 

Twenty-six days after his decapsulation he was in good condition. His blood pres- 
sure was 120/80; N.P.N. 37 mg. per 100 cc.; creatinin 1.9 mg. per 100 cc.; urine from 
both kidneys was normal. Differential renal function test showed both kidneys func- 
tioning equally and well—23 per cent P.S.P. in each in one-half hour. 


CONCLUSION 
There is some evidence that unilateral renal decapsulation is of benefit in 
oliguria following transfusion, but further study is needed to substantiate this. 
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THE USE OF FLUORESCENT WHEALS IN DETERMINING EXTENT 
AND DEGREE OF PERIPHERAL VASCULAR INSUFFICIENCY 


FURTHER OBSERVATIONS 
J. Locke NEtuer, M.D.* 


Mapison, Wisconsin 


SINCE SUBMITTING the original work! describing this new approach to 
the study of vascular insufficiency, several additional observations have been 
made which make for a better understanding of the mechanism involved, 
It is the purpose of this communication to present these points. A subsequent 
article devoted to a careful evaluation of clinical results will be published 
in the near future from the Department of Physical Medicine, State of 
Wisconsin General Hospital. It may be stated here that these results uphold 
the method in both theory and fact, and attest to its predicted value. 


BRIEF DESCRIPTION OF THE TEST 


It was discovered by the author, while engaged in an investigation of the 
various tests for degree and extent of peripheral vascular diseases, that em- 
ployment of Lange’s surface fluorescence technic? as a method of clearly 
demonstrating the ability of tissue to produce wheals in response to minor 
injury, resulted in an effective new approach to these conditions. It was 
also noted that this test was simple to perform, unequivocally readable, and 
the results could be stated concisely in a few words. Two methods of pro- 
ducing wheals were used with equally good results. The simpler one (super- 
ficial scratches) was recommended for clinical use, and the other (intra- 
dermal histamine injections) was preferred as a gross experimental method. 
Early clinical application proved very promising, and the subject was presented 
in the form of a preliminary report under the title: “Wheal-Fluorescence: A 
New Method of Evaluating Peripheral Vascular Diseases.” 


FURTHER OBSERVATIONS 


The histamine-wheal test has been the only practical clinical way of util- 
izing the known fact that wheal formation is specifically dependent upon 
the presence of adequate vascular flow. Experience has upheld the basic 
truth that absence of a wheal response to this substance indicates marked 
impairment of circulation. However, if this fundamental is adhered to, as it 
should be, the information obtained reveals only very gross circulatory 
deficiency, and, thus, presents an incomplete picture of the true extent and 
degree of the process. In attempts to eliminate this obvious weakness, sig- 
nificance has been variously attributed to observations of the wheal diameter ; 
time of appearance ; pseudopodia; and size of the accompanying flare. These 
corollaries, unfortunately, are undependable for their intended purpose, and 





* Formerly Resident Instructor in Surgery, University of Wisconsin Medical School, 
and State of Wisconsin General Hospital, Madison, Wisconsin. Now serving in the 
United States Navy Medical Corps, Asiatic Pacific Theater. 
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serve only to vastly complicate the test and confuse its interpretation. The 
employment of Lange’s surface fluorescence in conjunction with the histamine 
wheals rectifies this situation; for it not only eliminates the necessity for 
bothering with these corollaries, but also exposes their unreliability. In 
addition, the new method affords all the desired information in a different 
manner. The following observations serve to support these claims: 

1. Neither the diameter of the wheal, nor the presence of pseudopodia, 
is a reliable measure of vascularity. Instead, these factors seem to be more 


_ dependent upon the physical nature of the tissue at a given point. We have 


observed this fact many times. In the best vascularized areas; e.g., on the 
thigh of the unaffected leg, well above any possible vascular involvement, 
fluorescence will often reveal the wheals to be small and without pseudo- 
podia. Conversely, on the dorsum of an impaired foot, where the wheal is 
all but invisible under ordinary light, fluorescence will often show it to be 
large with many pseudopodia. The reason why the latter wheals are not 
visually obvious under ordinary light is because they are extremely shallow. 
This leads us to the second, and most important observation: 

2. Diminished wheal depth (revealed under fluorescence by a propor- 
tionate decrease in intensity) 1s shown to be a sensitive and constant indica- 
tion of significant, but less critical degrees of vascular failure. This phenom- 
enon is difficult to observe without fluoresence, and has not heretofore been 
revealed in its true importance. The level of change is readily apparent 
under fluoresence, and clinical experience has proved its significance to be 
as stated. In theory, the reason for this phenomenon seems to be that in 
partially impaired areas the intravascular pressure is decreased, allowing a 
small collection of fluid to quickly counterbalance it and prevent further 
accumulation. This is borne out by the fact that poorly fluorescent wheals 
never become brilliant with the passage of time, but rather seem to stabilize 
at an incomplete level of intensity and remain static. The diameter of these 
wheals may be large if the density of the tissue at that point allows lateral 
spread without requiring undue pressure to accomplish it. This lack of 
resistance may be due to local anatomic differences in» tissue density, or to 
the dehydration and loss of elastic tissue which goes with ischemia. 

3. Time of appearance of the wheal can, for practical purposes, be ignored. 
In the performance of the test, all wheals are present within the time-interval 
necessary to complete the injecting (or scratching), darken the room, and 
allow the ultraviolet light to reach peak intensity. This is a matter of a few 
minutes. Nonfluorescent wheals do not become fluorescent with the addi- 
tional passage of time. Furthermore, as most clinicians who have employed 
the old method realize, it is difficult, to impossible, to accurately record the 
times of appearance of a multitude of bilaterally placed, serially laid wheals. 

4. Flares, while perhaps of some value in indicating vascularity, add 
nothing to the new test. They cannot be seen under ultraviolet light unless 
they are particularly gross, in which case they are only dimly visible through 
intravascular luminescence. In many cases, they are not easily defined and 
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measured because of pigmentation of the skin, inflammation, or disguising 
antiseptics. Furthermore, they may be totally absent in certain nerve degen- 
erations or injuries, regardless of vascular flow. 

Discussion.—It is apparent then, that histamine-wheal-fluorescence 
greatly clarifies, simplifies, and expands the scope and accuracy of the 
basically valuable wheal method. It affords a way of clearly defining the 
entire clinically significant extent of organic vascular insufficiency, including 
the degree of its severity. It does so by presenting a clear-cut, easily in- 
terpreted demonstration of both deficiency and/or absence of whealing. Since 
whealing is part of the normal repair reaction, such deficiency and/or absence 
points to a proportionate loss of ability on the part of the affected tissue to 
repair itself following injury. These facts are upheld clinically. 

However, histamine-wheal-fluorescence does not eliminate the disadvan- 
tages attendant on the use of histamine. Employment of this substance 
requires unnecessary time and equipment; is painful; potentially dangerous; 
and causes a forced tissue response in the required dosage. The additional 
discovery (J. L. N.) that simple surface scratches are just as effective, 
simultaneously abolishes all these undesirable factors, and greatly simplifies 
performance of the test. Scratch-wheal-fluorescence, following the known 
facts regarding the tissue response to injury,® is qualitatively identical to 
histamine-wheal-fluorescence. All factors parallel the grosser method on a 
smaller, but equally readable scale. Performance of both technics on the 
same patient at the same time proves this beyond doubt. 


SUMMARY 

It is the author’s belief that the method described is the simplest; most 
accurate; most easily interpreted; and least time-consuming way to reveal 
extent and degree of organic vascular disease. Its basis in theory is clear-cut, 
and, clinically, it works. Due to the interest of the Department of Physical 
Medicine, State of Wisconsin General Hospital (and the fact that the 
author is now serving in the United States Navy overseas), the test has been 
turned over to them. They have had no difficulty either in its performance, 
or interpretation. The test is made on request from the Departments of 
Surgery, Medicine, and Orthopedics, and the recorded results simply state 
the level of intensity change and/or absence of fluorescence in the scratch 
marks. The clinician is thus given the following information: 

1. Whether or not significant organic vascular disease is existent. 

2. If so, how severe it is, and how far it extends up the leg. These facts 
are used to aid in diagnosis, prognosis, and treatment; they reveal the pres- 
ence or absence of improvement under conservative measures, and indicate 
the level where amputation (if necessary) will be attended by prompt healing. 


CONCLUSIONS 


1. Wheal fluorescence (both scratch and histamine) is a valuable new 
method in the study of peripheral vascular diseases. 
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2. Fluorescent scratch wheals are recommended for routine clinical use; 
fluorescent histamine wheals are preferred for experimental studies. 

3. There are only two observations necessary to answer the problem of 
peripheral vascularity ; 1.e., presence, and depth (intensity) of whealing. All 
other corollaries (wheal size, time of appearance, pseudopodia, flares) are 
either undependable, or unnecessary. 

4. Previous predictions regarding the clinical applicability of the test 
are upheld. 
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Managing Editor, Dr. James T. Pilcher, 121 Gates Avenue, Brooklyn, New York, Business 
Manager, O. T. Leeman, E. Washington Square, Philadelphia 5, Pa. 

2. That the owner is: (If owned by a corporation, its name and address must be stated 
and also immediately thereunder the names and addresses of stockholders owning or holding 
one per cent or more of total amount of stock. If not owned by a corporation, the names and 
addresses of the individual owners must be given. If owned by a feo company, or other 
unincorporated concern, its name and address, as well as those of each individual member, 
must be given.) J. B. Lippincott Company, E. Washington Square, Philadelphia, Pa.; Ellis W. 
Bacon, Wallingford, Pa.; Sarah L. Biddle, Bethayres, Pa.; Bertram Lippincott, Penllyn, Pa.; 
Joseph W. Lippincott, Bertram Lippincott and the Pennsylvania Company for Insurances on 
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BRIEF COMMUNICATION 


THE INTRODUCTION OF RUBBER GLOVES FOR USE IN 
SURGICAL OPERATIONS 
JAMES F. Mitcuetyi, M.D. 


WasHINGTon, D. C. 


THE INTRODUCTION OF RUBBER GLOVES for use in surgical operations can 
without doubt be attributed to the late Dr. William S. Halsted, of the Johns 
Hopkins Hospital, in Baltimore. However, the exact time at which operating 
surgeons first wore them has been somewhat indefinite. Dr. Halsted,’ in 1891, 
says “the assistant who passes the instruments wears thin rubber gloves. The 
only hands which come in contact with the wound are those of the operator. 
The sponging is done by the operating room nurse who wrings dry the sponges 
one at a time as they are required. The pieces of gauze used for sponging are 
kept in a solution of corrosive sublimate 1—1000.” 

Dr. Halsted,” in 1913 wrote as follows: “In the winter of 1889 and 1890— 
I cannot recall the month—the nurse in charge of my operating room com- 
plained that the solution of mercuric chlorid produced a dermatitis of her 
arms and hands. As she was an unusually efficient woman, I gave the matter 
my consideration, and one day in New York requested the Goodyear Rubber 
Company to make, as an experiment, two pairs of thin rubber gloves with 
gauntlets. On trial, these proved to be so satisfactory that additional gloves 
were ordered. In the autumn, on my return to town, the assistant who passed 
the instruments and threaded the needles was also provided with rubber gloves 
to wear at the operations. At first, the operator wore them only when explora- 
tory incisions into joints were made. After a time the assistants became so 
accustomed to working in gloves that they also wore them as operators and 
would remark that they seemed to be less expert with the bare hands than with 
the gloved hands. I think it was Dr. Bloodgood, my house surgeon, who first 
made this comment, and that he was the first to wear them, invariably, when 
operating. 

“In the report which I made of the first year’s work at the hospital, written 
in November and December, 1890, and published in March, 1891, I stated that 
the assistant who passed the instruments wore rubber gloves. This assistant 
was given the gloves to protect his hands from the solution of phenol (carbolic 
acid) in which the instruments were submerged rather than to eliminate him 
as a source of infection. I do not recall having referred again, in my publica- 
tions, to the employment of rubber gloves. Dr. Hunter Robb,® in 1894, in his 
book on ‘Aseptic Surgical Technique’ recommended that the operator wear 
rubber gloves. Dr. Robb was, at that time, resident gynecologist of the Johns 
Hopkins Hospital and had frequent opportunities to observe the technic of the 
Surgical Clinic. 

“This incidental reference by Robb in 1894 to the wearing of rubber gloves, 
and the fact that a photograph of an operation for breast cancer taken late in 
the year 1893 shows that gloves were not being regularly worn by us at that 
time, serve to establish approximately the date of their definite introduction. 
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“Thus, the operating in gloves was an evolution rather than an inspiration 
or happy thought, and it is remarkable that during the four or five years when 
as operator I wore them only occasionally, we could have been so blind as not 
to have perceived the necessity for wearing them invariably at the operating 
table. 

“Tt is also noteworthy that none of the many surgeons, foreign and Amer- 
ican, who visited our clinic in those years should have recognized the desir- 
ability of eliminating the hands as a source of infection, by the wearing of 
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Fic. 1.—A photograph of the first surgical operation in which the operator wore rubber gloves. 


(Reproduced from a photograph made in 1893 by Dr. James F. Mitchell) 


1, James F. Mitchell 3. Joseph C. Bloodgood 5. John (Orderly) 
2. Chauncey Pelton Smith 4. Harold C. Parsons 6. Sidney Cone 


gloves. We did not realize how slightly the sense of touch is obtunded by the 
rubber covering or how unessential it is in most operations that the greatest 
delicacy of finger perception be preserved.” 

Dr. Robb’s only reference to gloves is that “the danger can be easily 
avoided by protecting the hands with rubber gloves, which have been soaked 
in I-500 aqueous solution of bichloride of mercury before being used.” 

The general adoption of gloves aroused some controversy. Dr. Robert T. 
Morris,‘ in 1898, says: “I have been much interested in everything that seemed 
to be in the nature of progress in surgery ... but have arrived at the conclu- 
sion that the practical disadvantages of gloves counterbalance their theoretical 
advantages. Surgeons who were doing first class work three years ago seem 
to me to be doing second or third rate now, on account of the interference 
made by their gloves. The greatest danger to be feared is that the younger 
generations of surgeons may fail to develop the sense of touch to the highest 
degree and we shall have much second rate work done, particularly in ab- 
dominal surgery . . . to the younger generation of surgeons I say fight with 
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your might against the idea of using a means that will damage your most 
precious possession—the sense of touch.” 

McBurney,” in the same year, was most emphatically in favor of their use, 
stating that he began using gloves in 1897. By this time the operator, assist- 
ants and nurses in Dr. Halsted’s clinic were all wearing gloves in every opera- 
tion. Dr. Bloodgood,® in 1896, describes an operation for hernia performed 
by him on September 15, 1896, in which the operator and assistants wore 
gloves. This, however, was by no means the first instance in which the oper- 
ator wore gloves, as is attested by the accompanying photograph (Fig. 1), 
This represents the first operation in which gloves were worn by the operator: 
hence the reason for making the photograph. The date can be definitely fixed 
by the fact that one of the assistants was Dr. Chauncey P. Smith, of Buffalo, 
who was assistant resident in Surgery from June, 1893, to June, 1894, and 
the operation was probably performed in the summer of 1893. Unfortunately, 
the nature of the operation is not known. It will be noticed in the photograph 
that there were no caps, gowns or masks worn then. I entered the Johns 
Hopkins Hospital as head nurse in Dr. Halsted’s operating room in June, 
1893. At that time the cleansing of the hands was very strenuous. First, the 
hands and arms were scrubbed with green soap for five to ten minutes; then 
dipped in a saturated solution of potassium permanganate reaching above the 
elbows ; then dipped in a saturated solution of oxalic acid and then soaked in 
a I-1,000 solution of bichloride of mercury, for five minutes. As a result 
irritated and cracked hands and arms were not infrequent, at times so severe 
as to keep the sufferers out of the operating room for many days. The in- 
struments were boiled for ten minutes and then submerged in a solution of 
five per cent carbolic acid. From this it was the duty of the head nurse to 
distribute them in glass dishes containing a two and one-half per cent carbolic 
acid solution and sometimes to pass them to the operator. I, therefore, wore 
gloves from June, 1893, except when acting as an assistant at the operating 
table. When I began to operate, and ever since, I have always worn gloves, 
and the sense of touch has been developed from the first through gloved hands, 
as is the case with practically all younger surgeons of today. 
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